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ELEMENTS OF ANATOMY. 



INTRODUCTION 



Anatomy, in its most extended sense, is the science which deals with the 
structure of organized bodies. It is divided into departments according to its 
subjects ; such as Human Anatomy ; Comparative Anatomy, or the study of the 
structure of different animals ; and Vegetable Anatomy, comprehending the 
structure of plants. 

On examining the structure of an organized body, we find that it is made up of 
members or organs, by means of which its functions are executed, such as the root 
stem and leaves of a plant, and the heart, brain, stomach and limbs of an animal j 
and farther, that these organs are themselves made up of certain constituent 
materials named tissvss or textures, such as the cellular, woody, and vascular tissues 
of the vegetable, or the osseous, muscular, connective, vascular, nervous, and other 
tissues, which form the animal organs. 

Most of the tissues occur in more than one organ, and some of them indeed, as 
the connective and vascular, in nearly all, so that a multitude of organs, and these 
greatly diversified, are constructed out of a small number of constituent tissues ; 
and parts of the body, differing widely in form, construction, and uses, may agree in 
the nature of their component materials. Again, as the same tissue possesses the 
same essential characters in whatever organ or region it is found, it is obvious that 
the structure and properties of each tissue may be made the subject of investigation 
apart from the organs into whose formation it enters. 

The foregoing considerations have led to the subdivision of anatomy into two 
branches, the one of which, under the name " General Anatomy," or " Histology," 
treats of the minute structure of the component tissues of the body ; the other, 
named " Special or Descriptive Anatomy," treats of its several organs, members, and 
regions, describing the outward form and internal structure of the parts, their 
relative situation and mutual connection, and the successive conditions which they 
present in the progress of their formation or development. 

To the description of the origin and formation of organs in the embryo, a special 
chapter is devoted in this work, under the name Embiyology. 

The study of anatomy may be viewed in two different aspects ; viz., the physio- 
logical and the morphological. In the former, anatomy supplies the materials 
relating to structure from which an explanation is sought of the uses or functions 
of organs by the physiologist ; and for this purpose the study of histology is of 
particular service. In its morphological aspect, anatomy investigates and combines 
the facts relating to the structure and relations of organs, from which may be 
deduced general principles as to the construction of the human body or that of 
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animals. In the determination of these jreneral principles, or laws of morphology, 
it is necessary to combine the knowledge of the anatomy and development of 
animals with that of man. 

PLAN OF OEaANIZATION. 

Vertebrate type. — The general plan of construction of the human body agrees 
closely with that which prevails in a certain number of animals, viz., mammals, 
birds, reptiles, amphibia, and fishes, and is known as the vertebrate type of organi- 
zation. The main feature of that type, and that from which its name is derived, 
belongs to the internal skeleton, and consists in the existence of a median longi- 
tudinal column, which extends through the whole trunk, and is composed in the fully 
developed state of a series of bones termed verielrm. This v ertebral colum n is formed 
in the early embryo around a simple rod-like structure, the primitive skeletal axis, 
which is called the notochgrd, and which in most vertebrate animals disappears to a 
greater or less extent in the course of development. The more solid portions of the 
vertebrae immediately surrounditig the notochord are known as the bodies or centra 
(figs. 2 and 3), and constitute a pillar around which the other parts are grouped 
with a certain regularity of structure. At one extremity of this pillar is situated the 
head, showiug in almost all the animals formed upon this type a greater development of 
its constituent parts ; and at the other the /ail in which an opposite character or that 
of diminution prevails ; while on the sides of the main part or trunk, there project, 
in relation with some of the vertebral elements, two pairs of symmetrical limbs. 

The head and trunk contain the organs or viscera most important to life, such as 
the alimentary canal and the great central organs of the vascular and nervous 
systems, while the limbs, from which such principal organs are absent, are veiy 
variable and differ widely in the degree of their development among the various 
animals formed upon the vertebrate type. In man and the higher animals the trunk 
is divisible into neck, chest, abdomen, and pelvis. 

The vertebrate form of skeleton is invariably accompanied by a determinate and 
conformable disposition of the other most important organs of the body, viz. : — 
firstly, the existence on the dorsal aspect of the vertebral axis of an elongated cavity 
or canal which contains the brain and spinal cord, or central organs of the nervous 
system ; and secondly, the existence on the ventral aspect of the vertebral axis of a 
larger cavity, the visceral cavity, body cavity or cmlom , in which are contained the 
principal viscera connected with nutrition and reproduction, such as the alimentary 
canal, the heart and lungs, the great blood-vessels, and the urinary and generative 
organs. 

The general disposition of the parts of the body and of the more important 
viscera in their relation to the vertebral axis are shown in the accompanying 
diagrams of the external form and longitudinal and transverse sections of the human 
embryo at an early period of its existence. 

Segnnentation of the 'body. — The vertebrate type of organisation in the repetition of 
pimilar structural elements in a longitudinal series, has a segmented character, especially in 
the axial portion of the body, and this segmentation affects more or less, not merely the 
skeletal parts of its structure, but also, to some extent, its other component organs. 

A segmented plan of construction is by no means restricted to vertebrate animals, but exists 
in several other classes of the animal kingdom, as is most conspicuously seen in the Arthropoda, 
such as insects and Crustacea, and in the Annelida or worms. These animals, however, although 
showing a serial repetition of parts of like structure, are not considered to belong to the verte- 
brate type of organization. 

In the human embryo, as in that of all vertebrate animals, the segm iitation is most marked 
in the muscular system, the nervous and osseous systems becoming tor the most part corres- 
pondingly marked off : in the adult the osseous and nervous systems retain in great measme 
the segmentation which has thus been produced, although in the muscular system it has 
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Fig. 1. — Diagram of an early human embryo. (Allen Tkomson.) 

s, s, mdications of the vertebral divisions along the line of the back ; r, u, upper limb ; t, f, lower 
limb ; u, umbilical cord. In the cranial part the divisions of the brain are indicated, together with 
the eye, and au, the auditory vesicle ; near i, the visceral arches and clefts of the head, forming inter 
tilia the rudiments of the upper and lower jaws. 

Fig. 2. — Semmoiagrammatio view of a longitudinal section op the embryo represented in 

FIGURE 1 ; SHOWING THE RELATIONS OF THE PRINCIPAL SYSTEMS' AND ORGANS. (Allen Thomson. ) 

1, 2, 3, 4, 5, primary divisions of the brain in the cranial part of the neural canal ; n, n, spinal 
•cord in the vertebral part of the canal ; s, spinous process of one of the vertebras ; ch, chorda dorsalis run- 
ning through the axis of the vertebral centra : ch', the same extending into the base of the cranium : a, 
dorsal aorta ; p, pharyngeal cavity ; i, i, alimentary canal : A, ventricular part of the heart, with 
which the arterial bulb is seen joining the aorta by arches ; b, visceral arches of head ; I, liver ; w, 
Wolffian body ; v, urinary vesicle or allantois, joining the intestine in the cloaca, cl ; u, «', umbilicus. 

Fig. 3. — Transverse section (diagrammatic) of the trunk of the embryo through the upper 

LIMBS. (Allen Thomson.) 

m, spinal cord ; n, neural or dorsal arch, including bone, muscle, skin, roots of the nerves, &c. ; 
ch, chorda dorsalis, surrounded by the vertebral body or centrum ; v, ventral or visceral arch, or wall 
of the body ; p, p, body cavity ; i, alimentary canal ; h, heart ; I, I, the rudimentary limbs. 



Kg. i. — First dorsal vertebra with the first rib and upper part of the sternum, seen from 

ABOVE. J. 

C, centrum ; N, neural cavity ; V, cavity of the chest, visceral cavity. 
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become grreatly obscured. To the original segments in the embryo the terms protovertehres, 
viesoilastic somites or myotomes have been applied ; those segments or metameres which are 
traceable in the adult are often spoken of as vertebral segments. In the limbs, although there 
is strong reason for believing that they have originated as outgrowths of certain segments of 
the trunk, the repetition of such vertebral elements, and their primitive connection, are 
greatly obscured. 

Homology. — A certain agreement in structure, situation and connection of 
parts or organs constitutes what is called homology, and this term is generally 
employed to indicate the morphological identity of representative parts in different 
animals, which may be considered to have its cause in community of origin (homo- 
geny, Lankester), while the anatomical correspondence of parts which are repeated 
in the same animal may be more exactly distinguished as serial homology {homo- 
dynamy, Gegenbaur). Thus the arm-bone or humerus of a man is homologous 
(homogenetic) with the upper bone of the fore limb of a quadruped, or of the wing 
of a bird, while it is at the same time serially homologous (hemodynamic) with the 
thigh bone of man himself, or any other vertebrate animal. It has farther been 
found convenient to express by the word analogy that kind of resemblance among 
the organs of animals which depends upon similarity of function, and although it 
may be accompanied by considerable agreement in structure, yet is not rendered 
complete by anatomical relation and connection : for example, the gills of a fish, of 
a crab, and of a mussel, serving the same function, are analogous organs, but in no 
spnse homologous, as all morphological correspondence, or genetic relation, is wanting 
between them. Thus also, the upper limb of a man, the fore limb of a quadruped, 
lihe wing of a bird, and the pectoral fin of a fish are homologous but not analogous 
structures, the wing of a bat and the wing of a bird are both homologous and 
analogous, while the last is analogous to but not homologous with the wing of an 
insect. 

Symmetry of form. — A remarkable regularity of form pervades the organi- 
zation of certain parts of the body, especially the whole of the limbs, the head and 
neck, and the framework, at least, and external walls of the trunk of the body. 
Thus, if we conceive the body to be divided equally by a plane which passes irom its 
dorsal to its ventral aspect {median ptane), the two halves, in so far as regards the 
parts previously mentioned, correspond almost exactly with each other, excepting by 
their lateral transposition, — and the human body thus shows in a marked manner 
the character of bilateral symmetry. There is, however, a departure from this 
symmetrical form in the developed condition of certain of the internal organs, such 
as the alimentary canal from the stomach downwards, the heart and first part of the 
great blood-vessels, the liver, spleen, and some other viscera. 

Descriptive terms. — In the description of parts so numerous, so various in 
form, and so complex in their' connections as those composing the human body, there 
is difficulty in finding terms which shall indicate with sufficient precision their 
actual position and their relation to the rest of the organism. This difficulty is 
farther increased by the exceptional erect attitude in which the trunk of the human 
body is placed as compared with the horizontal position in animals. Hence, a 
number of terms have long been in use in human anatomy which are understood in 
a technical or restricted sense. For example, the median plane, already referred to, 
being that by which the body might be divided into right and left lateral halves, 
and the middle or median line being that in which the median plane meets the surface 
of the body, the words internal and external are used to denote relative nearness to 
and distance from this plane on either side, and may be replaced by mesial and 
lateral. The terms sagittal, frontal, and coronal, are also used in indication of 
direction within the body : sagittal denoting a dorso-ventral direction in or parallel 
to the median plane, frontal or coronal a transverse direction perpendicular to that 
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plane. The words anterior and posterior, superior and inferior, and several others 
indicating position, are employed in human anatomy strictly with reference to the 
erect posture of the body. But now that the more extended study of comparative 
anatomy and embryonic development is largely applied to the elucidation of the 
human structure, it is very desirable that descriptive terms should be sought which 
may without ambiguity indicate position and relation in the organism at once in 
man and animals. Such terms as dorsal and ventral, neural and visceral, cephalic 
and caudal, central and peripheral, proximal and distal, axial and appendicular, pre- 
axial and postaxial, are of this kind, and ought, whenever this may be done con- 
sistently with sufficient clearness of description, to take the place of those which are 
only applicable to the peculiar attitude of the human body, so as to bring the 
language of human and comparative anatomy as much as possible into conformity. 
In many instances, also, precision may be obtained by reference to certain fixed 
relations of parts, such as the vertebral and sternal aspects, the radial and ulnar, and 
the tibial and fibular borders, the flexor and extensor surfaces of the limbs, and 
similarly in other parts of the body. 



EMBRYOLOGY/ 

By B. A. SCHAFER. 

• 

rORMATIOW OP THE BLASTODEKM!. 

STRtrOTUEE OP THE OVTJM AND CHANGES PRIOR TO BEaMENTATION. 

The human body with all its tissues and organs is the product of the development 
of a single nucleated cell, the egg-cell, germ-cell, or ovum, which is formed within 
the principal reproductive organ of the female or ovary. The commencement of 
development is preceded by certain changes in the ovum, which usually occur soon 
after its discbarge from the ovary, and consist (1) in the emission of certain 
constituents of the nucleus which form the so-called polar globules ; (2) in the 
accession of the nucleus of a sperm-ceU or spermatozoon, which is formed witliin the 
reproductive organ of the male (testicle), and which, blending with the remaining 
part of the nucleus of the ovum, appears to take the place of the part which was 
discharged in the form of the polar globules. 

An account of the structure of the ovum, and of the manner in which the above 
changes are effected, may therefore appropriately precede the description of the 
actual course of development of the ovum. 

Structure of the ovarian ovum. — The human ovum resembles that of all other 
mammals (with the exception of monotremes) in its minute size. Immediately 
before the time of its discharge irom the Graafian follicle of the ovary in which it 
has been formed, it is a small spherical vesicle measuring about rir^^ ii'ch ('2 mm.) 
in diameter, and is just visible as a clear speck to the naked eye. When it is 
examined with the microscope, it is found to be invested by a comparatively thick, 
clear covering. This, when the centre of the ovum is exactly focussed, has the 
appearance in optical section of a clear girdle or zone encircling the ovum (fig. 5), 
and was hence named zona pellucida by von Baer (1827). But on more careful 
examination with higher magnifying powers, and especially by the examination of 
sections, there is not much difficulty in making out the existence of strise passing 
radially through the membrane (fig. 6, zp). On this account, and especially since a 
similar radially striated membrane forms a characteristic part of the investment of 
the ovum in many animals belonging to widely different classes, it is more convenient, 
in place of the name zona pellucida, which has been exclusively used to designate 
this investment in mammals, to employ the more general term zona radiata, or to 
speak of it simply as the striated memhrane of the ovum. 

The zona radiata of the mammalian ovum is sufficiently tough to prevent the 
escape of the contents of the ovum, even when subjected to a considerable amount 
of pressure. If, however, the pressure be excessive, the tunic splits, and the soft 

' It is mainly owing to the researches of His, published principally in the important monograph 
" Anatomie menschlicher Embryonen " (Leipzig, 1880-1885), that our knowledge of the development of 
llie human embryo is now far more complete than was the case when the last edition of this work was 
undertaken, and we are therefore able to keep more closely than was before possible to the human 
bpecies in following the course of development of the ovum. For the elucidation, however, of many of 
the details of development, especially in its earlier stages, it will still be necessary to refer continually 
to facts which have been made oat only from the study of the embryology of other mammals, as well a'j, 
l>irds, reptiles, fishes, and even invertebrata. 
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contents are extruded (fig. 5, V). The striae in the membrane are beheved to 
be minute pores, and are supposed, while the ovum is yet within the Graafian 
follicle, to permit the passage of granules of nutrient material into the interioi' of 
the ovum. After the ovum is discharged from the follicle, the spermatozoa may 
perhaps find their way into the ovum through these pores. According to Ketzius 
the protoplasm of the ovum is united with the follicle-cells by fibres which pass 
through the pores of the zona. 

Immediately surrounding the zona radiata, as the ovum lies within the mature Graafian 
follicle, is a thin stratum of granular substance, probably deposited upon the exterior of the 
ovum by the innermost cells of the discus proligerus, which immediately encircle the ovum 
within the follicle. When the Graafian follicle bursts and the ovum is set free, this granular 
material appears to imbibe water, and, as is specially noticeable in the ovum of the rabbit, 
swells up into a clear gelatiuous envelope, which has been termed, from a possible homology 
with the white of the bird's egg, the albumen. But in the mammal this structure has not 
the nutritive importance to the embryo which is possessed by the corresponding formation 
in the bird, and it disappears during the passage of the ovum down the Fallopian tube. 

The substance of the ovum within the tunica radiata is known as the vitellus 
or yolk (fig. 6, vi). It is a soft semi-fluid substance, composed mainly of proto- 
plasm, wriich is filled with globules and granules (yolk-granules) of different 








Fig. 5. — OvAUiAN OVUM OF i MAMMii'ER. (Allen Thomson. ) 

a, the entire ovuni, viewed under pressure ; the granular cells have been removed from the outer 
surface, the germinal vesicle is seen in the yolk substance within ; 6, the external coat or zona burst by 
increased pressure, the yolk protoplasm and the germinal vesicle having escaped from within ; o, germi- 
nal vesicle more freed from the yolk substance. In all of them the macula is seen. 

Fig. 6. — Ovum of the cat; hiohlt maohified. semi-diagrammatic. (E. A. S.) 

zp, zona pellncida, showing radiated structure ; vi, vitellus, round which a delicate membrane is 
seen ; gv, germinal vesicle ; gs, germinal spot. 

sizes, but all small, and possessing a high index of refraction. Examined in the 
fresh condition, the protoplasm between the granules looks perfectly clear aud 
structureless, but after treatment with suitable reagents, it may be seen to consist of 
a fine reticulum, which is especially fine and close near the periphery of the ovum, 
and also around the germinal vesicle, at which places the yolk granules are in less 
amount than elsewhere. The substances which occur within an ovum other than 
the nucleus and protoplasm, may, as in cells generally, be collectively designated 
" deutoplasm " ; they are regarded as furnishing a supply of nutrient mat'ter to the 
protoplasm during the earher stages of development. 

Embedded in the protoplasmic vitellus, usually eccentrically, is a large spherical 
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nucleus, which was termed by its discoverer, Purkinje, the germinal vesicle?- This, 
which is about -rhs^^ inch in diameter, has all the characters of the nucleus of a 
cell. It consists of a nuclear membrane enclosing a clear material or matrix, 
embedded within which may be seen strands of karyoplasm, enclosing one or more 
well-marked nucleoli (fig. 6, gv). Frequently there is but one nucleolus, which is 
then large and prominent, and has received the name of germinal spot {macula ger- 
minativa, Wagner, 1835). 

There is some doubt whether, before fertilization, there is another membrane (vitelline 
membrane) enclosing the vitellus within the zona radiata. The evidence of the presence of 
such a membrane is by no means clear, although its existence has been maintained by very 
competent observers (v. Beneden, Balfour). 

The mammalian ovum (that of monotremes alone excepted) differs from that of other 
vertebrates in the relatively small amount of nutritive material (yolk granules, deutoplasm) 
which is embedded in its protoplasm. In fishes, amphibia, reptiles, and especially in birds, 
the amount of such nutritive material is vastly greater than that of the protoplasm itself, so 
that the very existence of the latter is obscured in most parts of the ovum, and it is only in 
the immediate neighbourhood of the germinal vesicle that the protoplasm can be distinctly 





Pig. 7. — Diagram of a holoblastio (alecithal) ovtim (A) and of a mekoblastio (teloiecithal) 

ovcM (B). (E. A. S.) 

Only a small part of the latter is represented. The yolk or food material is represented in both by 
clear globules, which in B are seen vastly to preponderate, except in the immediate neighbourhood of 
the germinal vesicle. 

recognized (fig. 7, B). It is here also that, after fertilization, the more active changes in the 
ovum occur, and it is this part alone in which in the bird and most other oviparous vertebrates 
the process of division or segmentation of the yolk and consequent formation of embryonic cells 
proceeds. Hence these ova are said to undergo a process of incomplete segmentation, only a 
part of the ovum appearing to undergo development, and they are accordingly termed mero- 
blastic to distinguish them from those (like the mammalian ova) in which the yolk or nutri- 
tive material is everywhere in relatively small proportion to the protoplasm, the wliole of 
which undergoes division after fertilization, and participates in the formation of the embryo 
(holoblastio ova). This small amount of nutritive material in the mammal is obviously 
related to the fact that the mammalian ovum early acquires an attachment to the maternal 
system from which it is then able directly to derive its nutriment, whereas the meroblastio 
ovum of oviparous vertebrata necessarily contains all the nutriment required by the developing 
bird, reptile, or fish, untU. it is sufficiently advanced in development to emerge from the egg 
and obtain food independently. Although, however, the mammalian ovum is holoblastic, it 
is none the less clear, from a comparison of the early stages of its development with that of 
the bird, that the ancestors of the mammalia must have had ova of the meroblastic type. 

Balfour has further conveniently distinguished between those ova in which there is a great 
accumulation of nutritive or yolk material at one pole (teloiecithal ova, as in the bird, 
reptile, and fish amongst vertebrates), those in which the accumulation of yolk is in the middle 
of the ovum (cmitroleoithal ova, as in arthropods), and those in which it is scattered pretty 
equally in small amount throughout the protoplasm without any very marked accumulation 

' Purkinje discovered the germinal vesicle in the bird's ovum in 1825 ; that of mammals was first 
noticed by Coste in 1833. 
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{alecithal ova, as in mammals, Amphioxus, eoMnoderms). It is clear that these conditions 
of arrangement of the proto- and deuto-plasm within the ovum are the main factors in deter- 
mining variations in the process of segmentation. 

maturation of the ovum. Formation of polar glo'bules. — Either before 
its escape from the Graafian tblHcle, or immediately after, the ovum undergoes a 
peculiar change, preparatory to, but nevertheless altogether independent of fertiliza- 
tion, which consists of a process of unequal cell-division or germination, and results 
in the extrusion from the vitellus of two minute spherical bodies (fig. 8), which have 

Fig. 8. — OVDM OP THE KABEIT FROM THE FALLOPIAN TUBE, TWELVEI 
HOOKS APTEK IMPREGNATION. (Bischoff.) 



On the zona a, spermatozoa are seen, and others in the peiivitelline 
space ; h, the polar globules. 

been termed the polar globules or directive corpuscles, 
from a supposition that their presence detei'mines the 
pole at which the first segmentation will take place 
should the ovum become fertilized. It is, however, 
uncertain whether there is any constant relationship of 
this kind, but it is none the less clear that the extrusion 
of the polar globules is an event of the highest importance for the due development 
of the ovum, since until this has happened the ovum appears to be incapable of 
complete fertilization and segmentation.^ What is actually extruded is a small part 
of the nucleus of the ovum, or, to speak more precisely, two small parts of its nucleus 
in succession, probably surrounded by a very thin investment of protoplasm. Prior 
to this extrusion, the germinal vesicle approaches the periphery of the vitellus, loses 
its distinctness of outline, and after passing through phases which are charac- 
teristic of a nucleus which is about to divide, does actually undergo a division into 
two, the one part being extruded into a space (perivitelline), which has become 
formed in consequence of the shrinking or contraction of the ovum, and the other 
part remaining in the vitellus, only, however, to repeat the process of division, and 
to form a second extruded globule. The remainder of the germinal vesicle, which is 
now termed the female pronucleus, leaves the periphery of the vitellus for a situation 
nearer to the centre, where, if fertilization should supervene, it awaits the advent of 
the male pronucleus, which is formed from a spermatozoon. After the two pro- 
nuclei have come together, a new and complete nucleus is formed by their conju- 
gation. 

The actual formation of polar globules has not hitherto been observed in the human ovum, 
although there is no doubt whatever that it takes place. In the rabbit various stages in the 
process have been traced by B. v. Beneden and Rein, and it has also been noticed in other 
mammals. But the details of the process have been made out most precisely (by Fol, Hertwig, 
and others) in the transparent ova of echinoderms, and more recently and minutely (by 
E. V. Beneden, Carnoy, Boveri, Zacharias, and others) in Ascaris megalocephala, a thread-worm 
parasitic in the horse, in which all the changes can be followed in one and the same ovum, 
or the various phases fixed by means of reagents in diflferent ova, and these may afterwards be 
stained and studied with the utmost minuteness. The successive changes in such ova are 
represented in figs. 9 and 10. The polar globules remain visible for a time in the peri- 
vitelline fluid, and are even seen, should the ovum become fertilized, during the early stages of 
segmentation, but they ultimately disappear and are not known to take any further part in 
the subsequent changes which the ovum undergoes. 

The fact that throughout the whole animal kingdom the extrusion of polar globules from 
the ovum as it becomes mature is almost universal, and that a similar process has also been 
observed to occur in plants indicates the great importance of the phenomenon. The signifi- 
cance will be further discussed after the process of fertilization of the ovum has been 
deaciibed. 

^ The ovum may, however, receive a spermatozoon before the completion of the formation of polar 
globules. 
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Fie. 9. 



-Formation of the fikst polak globule in ice egg of asoauis siegalocei-hala. 
(t. Gehuchten. I 



A. The ovum with the germinal vesicle transformed into a spindle of (achromatic) fibrils : from the 
poles of the spindle other fibiils radiate into the protoplasm. At the equator of the spindle eight 
portions of chromatin are visible ; cs, head of a spermatozoon which has previously entered the ovum, 
and is becoming transformed into the male pronucleus ; to, gelatinous membrane of the ovum. 

B. The chromatin particles are seen separated into two sets. The achromatic fibrils are not shown 
in this preparation. The ovum is considerably shrunken. 

C. Half of the germinal vesicle is extruded into a perivitelline space, and along with a portion of 
protoplasm is becoming separated off from the ovum as a polar globule. The extruded half includes 
four of the chromatin particles ; the other four remain in the ovum ; to', membrane dividing the polar 
globule from the ovum. 





Fig. 10. — Formation of the second polar globule 
in asoaris megalooephala. (Carnoy. ) 

A. The remainder of the germinal vesicle (after 
extrusion of the first globule, g^) has again become 
transformed into a spindle of achromatic fibrils, 
with the four remaining chromatin particles at the 
equator of the spindle. 

B. The spindle, now irregularly Y-shaped, is seen 
approaching the surface of the ovum ; jr', first polar 
globule ; ks, male pronucleus which has become 
formed from a spermatozoon ; p. pole of spindle. 

C. Extrusion of half of the germinal vesicle 
remainder. 

D. Completion of the process ; the second polar globule, g^, is now separated from the ovum ; ii 
contains two of the chromatin particles. The other two remain in what is left of the germinal vesicle, 
»•' which now forms the female pronucleus ; ns, male pronucleus ; g^, first polar globule. 
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Fertilization. — The ovum, after its expulsion from the Graafian follicle is 
received upon the fimbriated end of the Fallopian tube. The flmbriEe are covered by 
a prolongation of the ciliated lining of the tube, and the action of the cilia serves to 
propel the minute ovum into and along the tube towards the uterus. In this 
passage it may, if impregnation have occurred, meet with the spermatozoa, one or 
more of which may penetrate the zona pellucida, and fertilize the ovum. It is 
possible in some instances for fertilization to occur on the fimbriated extremity of the 
tube, or in the body of the uterus, but it is probable that in most cases it happens 
in the tube itself. 

It is probable that normally only a single spermatozoon enters the vitellus. If it should 
happen that two or more eiiter, normal development does not as a rule occur. Exceptions to 
this rule have, however, been recorded. 

The changes in the ovum which accompany fertilization have, like those which 
result in the formation of the polar globules, been studied most satisfactorily in the 
transparent ova of echinoderms and in Ascaris. In the former (fig. 11) the spermatozoa 
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Fig. 11. — Fertilization of the ovum op an EOHiNODERii. (Selenka.) 

s, spermatozoon ; m.pr, male pronucleus ; f.pr, female pronucleus. 

1. Accession of a spermatozoon to the periphery of the vitellus ; 2. Its penetration, and the radial 
disposition of the vitelline granules ; 3. Transformation of the head of the spermatozoon into the male 
pronucleus ; 4, 5. Blending of the male and female pronuclei. 



may be seen to penetrate the gelatinous investment which here takes the place of a 
zona pellucida, and the head, of one only as a rule, to imbed itself in the periphery 
of the ovum, which becomes slightly protruded at the point of contact. According 
to V. Beneden's account, the spermatozoon always enters in Ascaris at a particular 
part of the ovum (polar disc), at which part there is an aperture in the vitelline 
membrane (micropyle). When once it has passed into the ovum, this aperture 
becomes closed, and the head of the spermatozoon rapidly increases in size, and 
acquires the appearance of a nucleus which, in contra-distinction to the remains of 
the germinal vesicle, or female pronucleus, is termed the male pronucleus. Soon 
it leaves the periphery, and passes towards the centre of the ovum in the direction 
of the female pronucleus. In its passage through the protoplasm it appears to 
exercise a peculiar attraction upon the granules in that substance, for these become 
arranged in its vicinity in radiating lines. The tail of the spermatozoon has 
in the meantime disappeared, whether by being oast off' or by blending with the 
protoplasm of the ovum has not certainly been made out. As the male pronucleus 
approaches the female pronucleus, the latter moves somewhat to meet it, and pre- 
sently the two pronuclei come into contact and together form a new nucleus, com- 
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plete in all its structure and functions. With the blending of the two pronuclei 
the act of fertilization is completed, and the ovum is now capable of forming 
new cells by division. Since the head of the spermatozoon is formed from the 
nucleus of a seminal cell, part of which appears to be thrown off prior to the com- 
plete maturation of the spermatozoon (Renson, Brown), and the female pronucleus is 
the nucleus, of an egg or germ-cell, part of which has been removed in the form of the 
polar globules, the process of fertilization may be described as consisting essentially 
of the conjunction of part of the nucleoplasm of a sperm cell with part of the nucleo- 
plasm of a germ cell, the result being the production of a complete nucleus endowed 
with active properties of division and reproduction. 

Although, as has been already stated, the changes which have just been described are most 
clearly to be seen, and have been most completely studied, in the ova of echinoderms and 
Ascaris, similar processes have been found to occur in most if not in all animals, and have 
even been made out, although not very distinctly, in mammals (in the rabbit by v. Beneden). 
There is no doubt, therefore, that the phenomena of fertilization are essentially the same 
throughout the whole animal kingdom. As to the exact details of the process there is still 
much discrepancy in the accounts given by recent observers. Of all those that given by 
V. Beneden of the process of fertilization, and of the subsequent division of the resulting 
nucleus in Asoaris, is the most explicit, and appears to negative the idea of a complete fusion 
taking place between the elements of the pronuclei, at least so far as the chromatin is concerned. 
According to this account (v. fig. 12), each of the two pronuclei is seen to possess, previous to their 
conjunction, two short chromatin rods (cliromosoines) imbedded in clear nuclear matrix. These 
rods undergo various changes, resulting in the formation of a skein vrithin each pronucleus 
(II., III.), but eventually the skein resolves itself into two V-shaped loops or filaments (IV., V.). 
On conjunction the matrix of the two nuclei may appear to blend, although it is doubtful if 
they actually fuse together, but the chromatin filaments retain their distinct individuality. 
The nucleus which is thus formed by the conjunction, contains, therefore, four similar Y-shaped 
chromatin filaments, which now split longitudinally (TI., TIL), and after being arranged for 
a time at the equator of the now spindle-shaped nucleus (VIIL), four of the resulting filaments 
pass towards the one pole, and form eventually the chromatin of the one daughter nucleus, 
and four towards the other pole, eventually foiming the chromatin of the other daughter 
nucleus (XI., XII.). It is stated by v. Beneden that of each set of chromatin filaments, or 
chromosomes, which thus separate from one another, one half the number is derived from the 
male and the other from the female pronucleus. If this is the case, and if it should further 
be shown that in every subsequent process of division of the resulting cells, the chromatin 
filaments of the daughter cells are derived half from male chromatin filaments and half 
from female, it necessarily follows that every cell nucleus must be regarded as containing 
both male and female morphological elements. 

BEeaning' of the polar g-lobules. — Theory of Minot. — The question of the hermaphroditism 
of cells was first raised by C. S. Minot in connection with the separation of the polar globules. 
According to the view advocated by Minot, every cell which results from the division of a 
fertilized ovum is hermaphrodite, for the fertilized ovum is formed by the union of both male 






Fig. 12. — FORMATIOH AND CONJCGAIION OF THE PROSDCLEI IH ASCARIS MEGALOCEPHAIA. 

(E. V. Beneden.) 
/, female pronucleus ; m, male ijronucleus ; p, one of the polar globules. 

I. The second polar globule has just been extruded ; both female and male pronuclei contain two 
chromatin particles ; those of the male pronucleus are becoming transformed into a skein. 

II. The chromatin in both pronuclei now forms a skein. 

Ila. The skein in the pronuclei is more distinct. Two attraction-spheres, each with a central 
particle, united by a spindle of achromatic fibres, have made their appearance near the pronuclei. The 
male pronucleus has the remains of the body of the spermatozoon adhering to it. 

III. Thejironuclei are enlarged ; the skein formation of the chromatia is complete. 



Ilia. 



MEANIKG OF THE POLAR GLOBULES. 
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IIIJ, 






XII. 




Ilia. Only tlie female pronucleus is shown in tliis figure. The skein of this is contracted anct 
thickened. The attraction-splieres are near one side of the ovum, and are connected with its periphery 
by a cone of fibres forming a polar circle p.c' ; e.o. equatorial circle. 

III6. The pronuclei have approached one another, and the spindle-system is now arranged across 
their common axis. 

IV. Contraction of the skein and formation of two V-shaped chromatin filaments in each pronucleus. 

V. The V-shaped chromatin filaments are now quite distinct ; the male and female pronuclei are in 
close contact. 

VI. , VII. The V-shaped filaments are splitting longitudinally ; their structure of fine gi-anules of 
chromatin is apparent in VII., which is more highly magnified. The conjugation of the pronuclei is 
apparently complete in these figures, but aocorJing to v. Beneden's description, the outlines of both 
can, under favourable conditions, be still made out. The attraction spheres and achromatic spindle, 
although present, are not shown in IV., V., VI. and VII. 

VIII. Equatorial arrangement of the four chromatin loops in the middle of the now elongated ovum ; 
the achromatic substance forming a spindle-shaped system of granules with fibrils radiating from the 
poles of the spindle (attraction-spheres) into the protoplasm ; commencing division of the ovum into 
two cells. 

IX. Shows diagrammatically the commencing separation of the chromatin filaments of the con- 
jugated nuclei, and the system of fibres radiating from the attraction-spheres, p. a, polar circle ; 
e.c. equatorial. circle ; o.c. central particle. 

X. Further separation of the chromatin filaments. Each of the central particles of the attraction- 
spheres has divided into two. 

XL The chromatin filaments are becoming developed into the skeins of the daughter nuclei. These 
are still united by achromatic fibres. The protoplasm of the ovum is becoming divided. 

XII. The daughter nuclei exhibit a chromatin network. Each of the attraction-spheres has divided 
into two, which are joined by achromatic fibres, and are connected with the periphery of the cell in 
the same manner as the parent sphere shown in Illce. 
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and female elements, and every one of its descendants must also contain a certnin proportion 
of eaoli. For the sexual conjugation of two cells it is assumed to be necessary that the one 
should get rid of the male elements, and retain only the female, and that the other should be 
tjxclusively male. This is effected in the one case, according to Minot, by the extrusion of the 
polar globules, which, in this view, represent the male element of the originally henuaphrodite 
generative cell, so that when they are extruded this remains wholly female ; in the other case 
there is also a separation, and the separated part becomes disintegrrated, leaving only the male 
portion, or spermatozoon — the separated part in this case represents, therefore, the female 
element of the generative cell. 

Theory of ■Weismann.-^Minot's theory was adopted by Balfour, who looked upon the 
formation of polar cells as having been acquiied by the ovum for the express purpose of pre- 
venting parthenogenesis. According to this view no polar globules should be formed in parthe- 
nogenetic ova, and it was believed by both Minot and Balfour that they would not be found 
to occur. It has, however, since been discovered by Weismann and Blochmann that parthe- 
nogenetic ova do extrude one polar globule, although the ordinary ova of the same animal 
extnide two. 

It is clear that this fact renders a modification necessary in the view advocated by Minot 
and Balfour. Such modification, or substitute, as it may perhaps more appropriately be 
termed, has been furnished by Weismann in his theory of heredity (^Vererhungntlieorie). This 
theory assumes that every animal and vegetable cell contains two different kinds of living 
substance. These are termed by Weismann the nuclear plasma and the nutritive plasma. The 
former is endowedi with germinative, directing and hereditary functions, the latter with 
assimilation of food and the more purely physical functions (contraction, nerve-conduction, 
secretion, &c.), but these functions are assumed to be carried out under the direction ol the 
nuclear plasma. The nuclear plasma is further supposed by Weismann to consist of two suli- 
^ances, viz., a germinal plasma which is the primitive form, and which alone is endowed with 
heredity, and a Idstogenetic plasma which has been derived from the germinal plasma, and which 
controls the division, growth, and differentiation of the cell. Fertilization consists in the 
bringing to the ovum of a certain amoimt of germinal plasma from a different individual, 
•and Weismann assumes that it is necessary for the ovum, prior to fertilization and develop- 
ment, to get rid both of its old histogenetic plasma and of so much germinal plasma as may 
lie brought to it by the spermatozoon, and that it effects this by the extrusion (1) of one 
(histogenetic) polar globule, (2) of the other (germinal) globule. If this is what happens, the 
primitive or germinal plasma is never wholly eliminated from the ovum, so that it may be 
looked upon as transmitting all the accumulated ancestral characters which have been derived 
from the vast number of its predecessors. A portion is, however, got rid of in the form of 
the second polar globule, and what remains is not necessarily of quite the same constitution in 
-every case, nor is the portion of germ plasma brought by the spermatozoon necessarily always 
similar : these differences in the germinal plasma of the fertilized ovum may account, accord- 
ing to Weismann, for the individual differences which occur in the progeny.' 

Weismann and Ischikawa have shown that in some animals the segmentation of the ovum 
may have advanced through one or two stages before the entry of a spermatozoon. In this 
case the spermatozoon (male pro-nucleus) blends with the nucleus of only one of the cells 
which have resulted from the segmentation. Probably the sexual cells are the ultimate result 
•of this conjugation. 
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SEGMENTATION OF THE OVUM. 



EABLY CHANGES IN THE OVUM CONSEQUENT ON FERTILIZATION— SEaMENTATION— 
FORMATION OF THE BLASTODERM— THE PRIMITIVE STREAK AND GROOVE. 

Segmentation of the ovum. — Immediately after the completion of the process 
of fertilization, the ovum begins to show signs of division into two cells or segments. 
The division is preceded by the formation of a spindle-shaped system of achromatic 




Kg. 13.- 



-FlKST STAGES OP SEGMENTATION OF A MAMMALIAN OVDM : SEMI-DIAGKAMMAIIO. 

(Drawu by Allen Thomson after E. v. Beneden's description.) 



z.p, zona pellueida ; p.gl, polar globules ; li, division into two segments ; ect, larger and clearer 
segment ; ent, smaller, more granular segment ; b, stage of four segments ; c, eight segments, the ecto- 
meres partially enclosing the entomeres ; d.e, succeeding stages of segmentation showing the more rapid 
difision of the clearer segments and the enclosure of the darker segments by them. 

fibres and by changes in the nucleus which are similar to those which take place in 
the division of an ordinary cell (v. Histology). According to v. Beneden's obsei-va- 
tions in Ascaris these changes occur in each of the two pro-nuclei (fig. 12), and 
one-half the number of resulting V-shaped filaments then passes from each to form 
each daughter nucleus, which thus contains male and female chromatin elements in 
equal amount. Each of the two segments which are thus formed speedily again divides 
in the same manner, so that four cells or segments now occupy the interior of the ovum. 
By a farther process of binary division eight cells are formed, then sixteen, thirty-two, 
and so on until the originally simple ovum is eventually subdivided into a large 
number of small segments, each of which is a nucleated cell, which are aggregated 
into a solid spherical mass, not much larger than the original ovum, and known as 
the mulberry mass. The cells are not similar throughout, for those at the surface 
are clearer and less granular than those which occupy the interior of the mass. 
According to v. Beneden's observations in the rabbit and bat, this difference in the 
appearance of the cells is traceable even in the first pair of daughter cells, one of 
which is larger and clearer than the other, which is darker and more granular (fig. 
18, a)} The cells or segments which result from the division of each of these retain 
their respective characters, and since the clearer cells divide somewhat more rapidly 
than the darker ones, there are for a time at certain stages of the process of segmen- 
tation more of the clear cells ; thus, at one stage there are eight clear cells, and only 
four darker ones, the latter having not yet undergone division, and later there are 

' This statement is denied by KoUiker and other observers, who assert that there is no diflference in 
the size and appearance of the first segments. 
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sixteen clear cells and only eight darker cells, for the same reason. Further, it is 
found that as the segmentation proceeds the clearer cells occupy the superficial part 
of the ovum and almost entirely enclose the granular cells which fill the interior 
(fig. 14, a). 

The ovum next undergoes a rapid increase in size owing to the segregation of 
fluid between the clear superficial layer of cells and the enclosed granular segments, 
which thus become separated from one another except at one part (fig. 14, V). At the 
same time the superficial cells multiply, and, becoming flattened out like a pavement 
epithelium, form a membrane enclosing the contained fluid. The ovum is now a 
thin-walled transparent sac, occupied by fluid and enclosed by two membranes, one 





"Fig. 14. — Sections op the ovum op the eabeit 

DURING THE LATER STAGES OP SEGMENTATION, 
SHOTTING THE POKMATION OP THE BLASTODER- 
MIC VESICLE. (E. V. Beneden.) 

a, Section showing the enclosure of darker cells, 
ent, by clearer cells, ect ; h, more advanced stage 
in which fluid is beginning to accumulate be- 
tween the inner and outer cells, the former com- 
pletely enclosed ; o, the fluid has much increased, 
so that a large space separates inner from outer 
cells except at one part ; d, blastodermic vesicle, its 
wall formed of a layer of flattened cells, with a 
patch of dark granular cells adhenng to it at one 
part ; z.p., zona pellucida. 

being the thinned-out zona pellucida and 

the other the epithelial membrane just 

mentioned. Adherent to one part of the 

inner surface of this membrane is the 

little mass of dark gi'anular cells which formerly occupied the whole interior of the 

mulberry mas s, and these cells give to the part of the ovum where they occur a - 

darker appearance, when it is viewed by transmitted light. At this stage of 

development the ovum has been tqrmed the blas todermic vesicl e (fig. 14, c, d), 

although the actual blastoderm is not yet formed. 

Formation of the blastoderm.— Soon the granular cells are found to be no 
longer accumulated into a small mass but to be spreading out in the form of n. 
lenticular patch over the inner surface of the vesicle. As this extension proceeds 
the innermost cells separate off" as a distinct layer, the separation starting from 
the centre and progressing outwards. 

A section through the middle of the ovum now shows three layers (fig. 15) : an 
outer, which is the epithelial membrane of the blastodermic vesicle (Rauber's layer) ; 
an inner, which may be termed the vr imUive entoderm , from the fact that it becomes 
the innermost layer of the blastoderm, and an ill-defined middle stratum of somewhat 



18 



FORMATION OF THE BLASTODERM. 



granular cells, which represents the remainder of the inner granular mass of the 
blastodermic vesicle after the separation of the subjacent layer. The three 
layers were believed by v. Beneden to represent the three permanent layers of the 
blastoderm. But it has been conclusively shown (by Eauber and KoUiker in the 
rabbit, and by Lieberkiihn and Heape in the mole) that the middle stratum of this 
stage of development is not the permanent middle layer of the blastoderm, for it is 




Fig. 15. — Section of part of the blastodermic vesicle of the rabbit at six days. (From 

E. van Beneden.) 

ci, upper layer (Eauber's cells) forming with J, the primitive ectoderm ; c, primitive entoderm. 




Fig. 10. — A SECTION THROUGH PART OF A BILAMINAR BLASTODERM OF THE OAT. (E. A. S.) 

ect, primitive ectoderm ; ent, primitive entoderm ; z.p., thinned-ont zona pellucida. 

before long converted into a layer of columnar cells which becomes closely applied to, 
and soon blends with, Eauber's layer, so that the two now form but a single stratum, 
which may be denominated the pr imitive ec toderm. 

KoUiker describes the cells of Rauber's layer as undergoing a kind of atrophy and gradual 
disappearance, taking no pait in the formation of the primitive ectoderm. The observa- 
tions of Lieberkiihn and Heape, on the other hand, tend to support the view which has been 
given in the text. 

Both layers, but especially the primitive ectoderm, ai-e somewhat thickened near 
the middle of the ovum over a circular or oval area, which appears slightly darker 
than the rest of the ovum when this is viewed by transmitted light : it is known as the 
I ernbri]onkMBa' (fig- 17). The entoderm does not for a long time form a complete invest- 
ment to the blastodermic vesicle, for as we have seen it commences to form near the 
centre of the ovum, and only gradually grows round within the epithehal investment, 
so that it terminates peripherally by a free border. In most mammals which have 
been investigated, it has not completely enclosed the ovum when the mesoblast has 
begun to form, but in the cat its growth appears to progress more rapidly, so that, 
for a time, the blastodermic vesicle has two complete and distinct epithelial invest- 
ments. Whether complete or incomplete, the two layers together constitute what is 
known as the bil aminar blastoderm (fig. 16), the formation of which marks a distinct 
stage in the- development of all the metazoa. • 

But the blastoderm does not long remain in the bilaminar condition. In the rabbit 
and mole, and probably in most mammals, long before the primitive entoderm has 
completely extended itself around the ovum, there occurs a considerable thickening 
of the primitive ectoderm at one end — the posterior — of the somewhat oval embryonic 
area. This thickening has at first a crescentic form, with the concave edge looking for- 
wards, and from the middle of this edge a longitudinal thickening extends for a certain 
distance towards the centre of the embryonic area. The thickening is produced by a 
prohferation of the cells of the primitive ectoderm, and its consequent downgrowth 
towards the primitive entoderm, and it is visible when the ovum is viewed from 
above by transmitted light, as a streak or shadow which is known as the primitive 
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streak (figs. 18, 19). Almost as soon as the primitive streak has become fully formed, it 
may be observed to be scored along its length, except at the anterior end which is that 
directed towards the centre of the embryonic area, by a narrow groove — the 
'mkmi mf. grnnve. The proliferating primitive ectoderm comes into close relationship 
Belowthis groove with the primitive entoderm, and the two may be partly or 






Fig. 17.- 



-Embrtonio area of mole immediately prior to appearance op primitive streak and 

FORMED of two LAYERS ONLY, 



Fig. 18. — Embryonic area op the mole showing the primitive streak and groove ending 

POSTERIORLY IN A CRESOENIIC THICKENING. 

The area is bilaminar in front, trilaminar in the posterior half. 
Fig. 19. — A somewhat later stage in which the primitive streak REACHES TWO-THIRDS of thb 

LENGTH of THE EMBRYONIC AREA, AND ENDS BEHIND IN A KNOB OR THICKENING. 

Figs. 17, 18, and 19 are copied from Heape. They are magnified 49 times. 

entirely blended, but the union is closest at the anterior end of the primitive streak 
where a continuous column of cells unites the primitive ectoderm and entoderm, 
so that the two layers are here indistinguishable. 

The proliferation of the cells of the primitive streak subsequently proceeds chiefly 
at the sides of the primitive groove, and the cells which are produced by this proli- 
feration extend themselves laterally between the ectoderm and entoderm to form a 
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Fig. 20, A. and B. — Views of the embryonic area op the rabbit showing two stages in the 

EXTENSION op THE MESO BLAST. (Kolliker.) 

In A. the mesoblast extends on either side of the primitive streak over the posterior part of the 
embryonic area and also behind the primitive streak beyond the limits of that area." 

In B. the mesoblast extends over a circular area which 'surrounds the embryonic area. Thfe em- 
iryonic area is also trilaminar, except in the middle line in ff ont of the primitive streak. 

2 
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third or intermediate layer. This is mainly derived, as was first pointed out by 
Kolliker, from the primitive ectoderm of the groove, but since in this situation the 
two primary layers become eventually more or less blended, it is probable that the 
primitive entoderm cells also take part in its formation, although this part is in the 
mammal evidently a subordinate one. It is further maintained by many embry- 




Fig. 21.- 



■Seotioh aokoss the posterior end 
op the first sign op 



OF THE EMBRYONIC AREA OP A RABBIT AT THE TIME 

PRIMITIVE STREAK. (KoUiker. ) 

ep, epiblast ; ax, its axial part uadergoing proliferation (this is shown by the karyokinetic 6gures, 
Tc) ; me, mesoblast becoming derived from the proliferating axial epiblast ; hy, hypoblast. 




Fig. 22. — LONaXTUDINAL section THROUGH TEE MIDDLE LINE OP PART OP AN EMEKTONIO ABBA (MOLE) IN 
WHICH THE PRIMITIVE STREAK HAS BEQCN TO POEM. (Heape.) 

The blastoderm is perforated in front of the (short) primitive streak (1 blastopore, Up) ; a few meso- 
blast cells are seen anterior to the perforation ; ep, epiblast ; hy, hypoblast ; p.sh, primitive streak. 
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Fig. 23. — Two SECTIONS across THE EMBRYONIC AREA OP A BLASTODERM AT THE STAGE SHOWN IN 

PIG. 19. (Heape.) 

A. Section across the anterior end of the primitive streak and groove. 

B. Section across the posterior enlargement of the primitive streak. The epiblast and hypoblast 
are seen to be united along the primitive streak, p.sh ; laterally the mesoblast, m., the cells of which 
have grown out from the uniting column of axial cells, separates the two primary layers. 

p.gr, primitive groove ; ep, epiblast ; hy, hypoblast ; m, mesoblast. 
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Tig. 24. — VOXIB. STAOBS in THE DEVELOPMENT OF AMPHIOXUS ILLUSTRATINO THE PORMiTION OF THE 

GASiROLA. (Hatschek. ) 

I. Spherical blastoderm ; the cells at the lower pole are larger than the others, and filled with 
granules. 

II. Invagination of the lower pole producing a cupping of the vesicle. 

III. Completion of the invagination ; the blastoderm is now bUaminar, and forms a cup with 
narrowed mouth, the blastopore, bl, and a double wall of epiblast, ep, and hypoblast, hy (or primitive 
ectoderm and primitive entoderm). 

IV. The ovum is now elongated ; the cavity of the gastrnla forms a primitive alimentary canal, the 
orifice of which is the blastopore, which is directed dorsally. Extending from this along the dorsal 
surface (right in the figure) a shallow groove is seen in optical section: this is the rudiment of the 
nervous system. 



oiogists that cells from the lateral parts of both primary layers are added to the 
intermediate layer, and assist in its extension. According to the observations of 
Bonnet in the sheep, there is an addition to the middle layer from the peripheral 
(thickened) portion of the hypoblast ; this has been long held to be the case with 
the blastoderm of the bird, and the cells thus derived (parablastic) ' have been 
considered to have the special function of forming the connective tissues and blood. 
Whether, however, this is actually so, must be regarded as at present undecided. 
However produced, the appearance of a middle layer causes the originally bilaminar 
blastoderm to be trilaminar, and its three layers have received the names of ectoderm, 
mesoderm, and entoderm, or epiblast, mesoblast, and hypoblast. 

The gastriila condition of the vertehrate ovum. — It will be observed that in the 
mammal the two primary layers of the blastoderm, at least their principal part, are formed by 
a separation into two strata of the cells of the inner granular mass which occupies the 
interior of the ovum after segmentation. The bilaminar condition may therefore be said to 
result from a process of delamination in an originally simple mass or stratum. But in 
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Amphioxus amongst vertebrates,' and in many invertebrates with holoblastic (aleoithal) ova, 
the bilaminar blastoderm is produced, not by delamination, but by the invagination of one 
pole of an originally simple hollow spherical blastodermic vesicle, the invaginated portion 
becoming the primitive entoderm and the remaining part of the wall of the vesicle forming 
the primitive ectoderm (fig. 24). This condition, which was discovered by Kowalewsky, is 
known as the gastrula stage, and it is regarded by most embryologists, following Haeckel, as 
typical of the mode of formation of the bilaminar blastoderm throughout the animal kingdom. 
The aperture of invagination by which the cavity of the entoderm communicates for a time 
with the exterior has been termed the 'blastopore (Lankester). 

It is not possible in this account of the embryology of the mammal (which must necessarily 
be very short) to examine at any length the evidence upon which the opinion rests that a 
gastrula sta^e can be shown to exist at an early stage in. the development of the meroblastic 
ova of the lower vertebrata. It will be suflBcient for the present purpose to state that in 
fishes, reptiles, and birds, the ova of all of which are of a markedly meroblastic type, that 
part of the ovum in which alone segmentation has occurred, and in which active development 
subsequently proceeds, produces a bilaminar blastoderm as in the mammal by the separation off 
as a distinct layer of a lower or inner stratum of cells to form the primitive entoderm, 
whilst the remaining cells arrange themselves into an upper or outer stratum, the primitive 
ectoderm.2 At one part of the circular blastoderm which has thus been formed there now 
occurs n cresoentic thickening of the ectoderm, on the surface of which a pit or depression 
becomes formed by an invagination of the ectoderm. This pit extends inwards until it abuts 
against a subjacent entodermal thickening, and it may even penetrate the entoderm and 
communicate with the cavity below the blastoderm (which afterwards becomes in part con- 
verted into the posterior end of the alimentary canal). The invagination in question has been 
regarded as a rudimentary blastopore, its time of formation having become shifted to a later 
period, and the entoderm having already been formed by delamination altogether independently 
of, in place of resulting from, the invagination, as in the typical mode of gastrula formation. 
In the mammal a similar invagination of the ectoderm also occurs at the posterior extremity 
of the embryonic area, and this invagination has been described by Heape in the mole as 
communicating for a time with the cavity of the blastodermic vesicle (fig. 22, Up), which sub- 
Fig. 25.— SUEFAOB VIEW OF AK EMBKYONIO AREA OP THE MOLE 
IN WHICH THE MEDULLARY GROOVE HAS BEGUN TO APPEAR 
IN FRONT OP THE PRIMITIVE STREAK. At THE JUNCTION OF 
THE TWO A SMALL APERTURE IS SEEN : THIS IS THE DORSAL 
OPENING OF THE OBLIQUE NEURENTEBIO CANAL. (Heape.) 

sequently becomes converted in part into the alimentary canaL 
In birds and reptiles as well as mammals the invagination in 
question soon becomes extended forward along the middle line 
of the blastoderm as a linear groove (primitive groove), which 
indents an ectodermal thickening (primitive streak), and if 
the posterior invagination represents a blastopore, this 
groove must be looked upon as an extension of such blas- 
topore, a view which derives support from the fact that 
there appears to be a tendency for the primitive groove, at 
least its anterior end, to penetrate to the entoderm, and thus 
to form here also a canal of communication between the cavity 
below the entoderm and the exterior. Such a canal is desig- 
nated " neurenterio," because the anterior end of the primitive streak and groove becomes 
eventually enclosed by the neural tube, and the canal then effects a (temporary) communica- 
tion between the neural tube and the enteric canal. 

Another important point of resemblance between this invagination and the blastopore of 
the typical gastrula is the fact that the middle layer of the trilaminar blastoderm begins to 
develope from the margins of the invagination. But in this respect again there is a differ- 
ence, for whereas in the simplest and most typical forms, such as Sagitta amongst invertebrates, 
and Amphioxus amongst vertebrates, the middle layer (mesoblast) originates as a pair of hollow 
protrusions of the primitive entoderm (coelom-invaginations of Hertwig, figs. 28, 29) ; in 
mammals and birds it makes its first appearance in the form of solid outgrowths from the 
primitive streak.' 

Other views concerning the gastrulation of vertebrates. — Kupffer regards the part 

' Also, according to Hofmann, to some extent in elasmohranch fishes. 

2 No layer corresponding with Rauber's layer of the mammal is known to exist in lower vertebrates, 
unless that layer is to be regarded as the homologue of the external (corneous) stratum of the epiblast, 
which is found at a later stage in fishes and amphibia. 

° Riickert has described an imperfect form of ccelom-invagination in elasmohranch fishes, and 
Hertwig in amphibia. 
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which has been above alluded to as mvaginated ectoderm (primitive groove) as the homologue 
of part of the entoderm of more typical forms. If this view be correct, many of the diflBoulties 
in the way of regarding the aperture of the invagination as the blastopore, and in explaining 
the differences in the mode of origin of the mesoblast are removed ; but, on the other hand, 
other difficulties are introduced, and the subject is left by no means clear. 

Another view, which was formerly extensively held, regards the blastopore of the meroblastic 
vertebrate ovum as bounded by the thickened edge of the bilamiuar blastoderm (Haeckel). 
According to this view, the cavity of the gastrula is entirely filled up by a mass of 
unsegmented or but partially segmented yolk, which also projects for a considerable distance 
through the blastopore, forming in fact the great mass of the ovum. The primitive groove 
is regarded as a linear prolongation of this thickened edge of the blastoderm towards the 
centre of the blastoderm (Balfour), so that the embryo, which developes in front of the 
primitive streak, thus comes to have a pseudo-central position in the blastoderm instead 
of developing altogether from its margin as in the lower vertebrata and in inverte- 
brates. In conformity with this idea, it may be noted that at the thickened i-im of the 
blastoderm of these meroblastic ova, the two primary layers are oontiuuous with one another 
as in the primitive streak. In elasmobranchs an intermediate condition is observed, viz., a 
short groove, ths margins of which are freely continuous with the margin of the blastoderm. 
If, as His and others have described (vide iiifra), the mesoblast is in part (vascular 
and connective tissue part) derived from the thickened rim of the blastoderm, this would 
furnish another point of resemblance between the primitive streak and that margin. 

Ed. v. Beneden has promulgated an entirely different opinion as to the mammalian blasto- 
pore from those above described. He regards the condition of the ovum, after the completion 
of segmentation and before the formation of a blastodermic vesicle, as representing the 
gastrula stage, and looks upon the point where the granular inner mass of cells comes to the 
surface between the clear cells which form the outer investment as the blastopore (fig. 14, a). 
In conformity with this view he considers the layer of clear cells to represent the whole of the 
primitive ectoderm, and the granular inner mass the primitive entoderm. But since all the 
more recent observations upon early mammalian ova agree in affirming the formation of 
the three blastodermic layers from the granular inner mass, and that Rauber's layer either 
takes no part at all, or only a subordinate part in the formation of the ectoderm of the 
embryonic area, v. Beneden's view, in spite of the superficial resemblance of the ovum at 
this stage to certain gastrula forms, has not met with general acceptance from embryologists. . 

Inversion of the blastodermic layers in some mammals. — In the guinea-pig 
(Bisohoff), rat and mouse (Fraser, Selenka), and in some other rodents, an inversion of the 
usual position of the blastodermic layers is found to occur, the epiblast being innermost, 
the hypoblast outermost. The foundation of this inversion is laid early by a process of 
invagination and formation of a central cavity in the mass of entomeres, so that when the 
blastoderm is differentiated, the innermost cells which are next the (secondary) cavity thus 
formed become the epiblast, and the outermost the hypoblast, the mesoblast subsequently 
forming between the two by proliferation of epiblast at the primitive groove, as in other 
mammals. (For details as to this process of invagination, the student is referred to the papers 
by Selenka.) 

Historical The existence of several laminae in the germinal substance of the egg was 

first suggested by 0. F. Wolff in his celebrated work Theoria Generationis, published in 1759, 
and in his later Memoir On the Development of the Intestine, Sist published in Nov. Comment. 
Acad. Petropol. in 1767 and republished in German by J. F. Meckel in 1812. It is, however, to 
the researches of Pander, conducted under the direction of Dollinger of Wurzburg, and pub- 
lished in 1817, and those of v. Baer (1826-1837), that we owe the first consistent attempt to 
connect the development of the several organs and systems of the embryo with the different 
constituent parts or layers of the blastoderm. Pander recognised a trilaminar structure of the 
blastoderm and distinguished the three layers composing it, in their order from above down- 
wards, or from without inwards in the egg, as the serous, vascular, and mucous layers. 

In 1850-54 a further important advance was made in the knowledge of the constitution of 
the blastodermic layers, by the discovery by Remak that the greater part of the middle layer 
soon after its formation conies to be divided into two laminae, separated by a space which 
corresponds to the perivisceral cavity (ccelom) — a fact which had been partially stated by von 
Baer. So marked a division of the middle layer and distinction of the parts which are 
afterwards developed from its two laminae, has seemed sufficient to some authors to wairant 
the recognition of four distinct layers in the blastoderm ; but it will be found en the whole 
more. convenient to consider the fundamental layers as only three, to which, following the 
nomenclature of Foster and Balfour, the designations of epiblast, mesoblast, and hypoblast are 
applied, terms which are synonymous with those of ectoderm, mesoderm, and entoderm, 
employed by many authors. 

The terms ectoderm and entoderm were first applied to the two fundamental layers, shown 
by Huxley in 1849 to constitute the whole body of coelenterates, and which were correctly 
regarded by him as homologous with the two layers of the bilaminar blastoderm, to which we 
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have applied the terms primitive ectoderm and primitive entoderm. Since the middle layer 
is developed from one or both of these primitive layers their permanent representatives are 
morphologically different, having- lost the elements which go to form the middle layer, and it 
is therefore convenient to accentuate this distinction by the adoption, of different terms to 
represent the permanent layers. 

The generalisation that the formation of a bilaminar blastoderm is typically produced by 
the invagination of a hollow spherical unilaminar blastodermic vesicle is due to Haeckel, and 
was based largely upon the important researches of Kowalevsky, especially those on Sagitta 
and Amphioxus. The process of delamination which in some animals produces the two 
primary layers was originally regarded by Ray Lankester as the typical mode of formation, 
but is now generally admitted to be a secondary modification. Finally, it has been shown 
(Balfour, Lankester, R. and 0. Hertwig), as is set forth belOw, that the coelom or body cavity 
is typically developed, not by a process of splitting of the mesoblast (although in some 
animals this may occur as a secondary modification), but as hollow protrusions from the 
primitive alimentary cavity, the cells which bound these protrusions forming the mesoblast. 
Thus from an originally single blastodermic layer by successive processes of invagination 
or folding, the three permanent laminse are ultimately produced. 

Such folds may be regarded as formed mechanically by local hypertrophic multiplication 
of the cells of the laminse, an increased surface being thus found for the increased number of 
cells. In analogous manner the folds which accompany the formation and separation of the 
body and the development of the several organs, e.g., the nervous system, alimentary canal, 
amnion, may also be regarded as resulting mechanically from cell-multiplication. This 
mechanical theory of development was first enunciated by Pander, and has of late years been 
applied extensively by several embryologists, notably by His QBntwickl. d. Huhnehens, 1 868, 
pid TInserc Korperform, 1874), and Rauber. 

Characters of the blastodermic layers. — The three layers of the blastoderm 
show from the first distinctive characters (fig. 26). The outer layer, or epiblast, is 
epithelial in nature and consists of somewhat irregularly columnar cells closely set side 




Fig. 26. — Tkansvebse section through the front end of the jrimitive streak and 
BLASTODERM OF THE CHICK. (From Balfour. ) 

pr, primitive groove ; m, mesoblast ; ep, epibla.st ; %y, hypoblast. 



by side, forming a single stratum for the most part, except near the middle line, and 
becoming thinner and flatter towards the margins of the embryonic area. 

The inner layer or hypoblast is also epithelial, but the cells are at first all 
flattened, and appear therefore quite thin and linear in sections of the blastoderm. 
At a later stage, the hypoblast cells become markedly columnar and enlarged, so 
that they considerably exceed the epiblast cells in size. 

The middle layer, or mesoblast, which differs, as we have seen, in its mode of 
origin, being formed secondarily from one or both of the primary layers, also differs 
from them entirely in its appearance and structure. Instead of consisting of cells 
closely joined together into a continuous membrane after the manner of an 
epithelium, the mesoblast is at first composed of cells which are not thus closely 
arranged, but have, on the contrary, a considerable amount of intercellular fluid 
between them. They are most irregular in shape, and are often branched and 
united with one another, so that much of the mesoblast early resembles an 
embryonic connective tissue. 
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Before proceeding to describe the commencing development of the embryo it will 
be instructive to enumerate the parts which are formed respectively from the three 
blastodermic layers. The following is the relation given in tabular form : — 

The whole of the nervous system, including not only the central organs (brain and 
spinal cord), but also the peripheral nerves and sympathetic. 

The epithelial structures of the organs of special sense. 

The epidermis and its appendages, including the hair and nails. 

The epithelium of all the glands opening upon the surface of the skin, including the 
mammary glands, the sweat glands, and the sebaceous glands. 

The musculo fibres of the sweat glands. 

The epithelium of the mouth (except that covering the tongue and the adjacent 
posterior part of the floor of the mouth, which is derived from hypoblast), and that of 
the glands opening into it. The enamel of the teeth. 

The epithelium of the nasal passages, of the adjacent upper part of the pharynx, 
and of all the cavities and glands opening into the nasal passages. 

The urinary and generative organs (except the epithelium of the urinary bladder 
and urethra). 

All the voluntary and involuntary muscles of the body (except the muscular fibres 
of the sweat gla-nds). 

The whole of the vascular and lymphatic system, including the serous membranes 
and spleen. 

The skeleton and all the connective tissue structures of the body. 

The epithelium of the alimentary canal from the back of the mouth to the anus, 
and that of all the glands which open into this part of the alimentary tube. 
The epithelium of the Eustachian tube and tympanum. 
The epithelium of the bronchial tubes and air sacs of the lungs. 
The epithelium lining the vesicles of the thyroid body. 
The epithelial nests of the thymus. 
The epithelium of the urinary bladder and urethra. 
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PAEABIiAST THEORY OF HIS. MESENCHYME THEOBT OF HEETWIG. 

The observations of His upon the development of the blood and connective tissues 
in the bird led him to regard these tissues as originating, not from the mesoblast which 
in the chick grows out from the sides of the primitive groove, but from cells which, 




Fig. 2?. — Vektioal seotion thkocgh the blastoderm or A heh's egs taken neae the 

PEBiPHERT. (Strieker.) 

E, epiblast : -ff, hypoblast, passing at the periphery into an undiflereEtiated mass of yolk. A, 
containing large cells filled with yolk granules ; M (towards the centre of the blastoderm), mesoblast ; 
M (nearer the periphery), granular cells, apparently derived from A, and lying between the epiblast 
and hypoblast. , 

originating either in the yolk or in the thickened rim of the spreading blastoderm, wander in 
centripetally between the primary layers and fill up all the interstices of the centrif ugally- 
growing true mesoblast. These in-wandering cells being derived, not like the other cells of 
the embryonic area from the more active primarily difEerentiated central parts of the blasto- 
derm, but from the peripheral non-embryonic portion, were collectively named by His 
parahlast, and the tissues (blood and blood-vessels, and all the connective tissues) supposed to 
be formed from them were termed parailastic (all the other tissues of the embryo being 
termed, in contra-distinction, archiilastic). 

His's theory was enunciated as long ago as 1868, although he afterwards introduced 
into it certain modifications. For a considerable time it met with little acceptance, but of 
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late years it lias obtained, in its modified form as above given, tlie adherence of many 
embryologists, and especially of R. and 0. Hertwig, Kupffer, KoUmann, and Waldeyer. R. 
and 0. Hertwig have given the name of meseneliyme to His's parablast, while retaining the 
designation of middle germinal layer or mesoderm for the rest of the mesoblast, from which 
it differs (1) in its stmcture, consisting of loosely arranged wandering cells, as distinguished 
from the epithelium-like lamellae, of which according to their description the rest of the 
mesoderm is composed ; (2) in its derivation, arising as separate cells from the entodei-m instead 
of in the form of a coherent layer ; and (3) in its further development and destination, giving 
origin to the connective tissues and blood-vessels, and perhaps to the plain muscular tissue, 
whereas the mesoderm proper gives origin to the skeletal muscles and to the epithelium of the 
serous cavities, and of the genital and urinary organs. They describe the true mesoderm as 
consisting of two epithelial lamellae, which form distinct layers of the blastoderm, so that 
according to this view the complete blastoderm would consist of four layers (epiblast, outer 
or somatic mesoblast, inner or splajiohnic mesoblast and hypoblast) besides the mesenchyme ; 
to which must be added a median strand of cells set aside for the formation of the notochord. 
It appears evident from the researches of Kowalevsky in Sagitta and Amphioxus that what 
is to be regarded as the typical origin of the mesoblast in Metazoa' takes the form of a pair of 
diverticula from the primitive archenteric cavity (fig. 28, la ; fig. 29, I), which hollow diverti- 
cula become pinched off from the remainder of that cavity, and, their cavities becoming com- 
pressed laterally, are converted into the coelom or body-cavity (serous cavities of vertebrata), the 
two walls of this cavity on either side forming respectively the inner and outer mesodermic 
layers of R. and 0. Hertwig. In Sagitta, the diverticula occur in the neighbourhood of the 




Fig. 28.— FOKMATION OF MESOBLASIia SOMITES IN AMPHIOXUS, SHOWN IN LOKGITCDINAL OPTICAL 

SECTION. (Hatschek. ) 

la., dorsal view of an embryo in which the mesoblast is beginning to form as two longitudinal folds 
of the hypoblast which are becoming subdivided from before back by constrictions into separate 
somites. 1., the same newed in profile, showing the anterior three somites of one side with their 
cavities in free communication with the enteric cavity. The neural canal, n.c. is continued 
posteriorly by a neurenteric canal into the enteric cavity ; ep, epiblast ; hy, hypoblast II dorsal 
view of a more advanced embryo. The somites are more numerous and are completely separate In 
all but the most anterior pair the communication with the enteric cavity is stiU seen. III. dorsal 
view at a still later stage. The somite cavities are now completely closed. The cellular rod ch shown 
running along the middle of the embryo is the notochord. ' ' 

blastopore, which is also the typical seat of origin of the mesoblast, but in Amphioxus thev 
are formed by longitudinal folds of the wall of the aichenteric cavity, which grow from 
before backwards, and become separated up into segments in their progress. In most vertebrates 
above Amphioxus the mesoblastic outgrowths are from the first soHd, not hoUow (although a 
spHt may eai-ly, and does eventually in any case, occur in them, the coelom being thus pro- 
duced), nor do they originate so distinctly from the entoderm, but arise rather at the junction 

' Except the Ccelenterata which have only the two primary layers. 
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of this with ectoderm at the margin of the blastopore, and in the higher forms, espeoiaUy 
mammals, may even be largely derived from ectoderm. It is nevertheless for many reasons 
probable that the origin in a pair of hollow diverticula, as above described, is to be looked 
upon as the typical one, and that as a solid outgrowth, subsequently becoming split or hollow, 
as a secondary modification.' It is questionable, however, whether there is so considerable a 
difference between the external and internal portions of the wall of the diverticulum that 






Fig. 29. — Seotioits aokoss ah amphioxps embeto op abodt the stages shown ih fig. 28, I. TO 

III. (Hatschek.) 

n.g., neural groove ; n.c, neural canal ; ch, rudiment of notochord ; mes. som., mesoblastic somite. 
In I. , its cavity is in free commuuication with the alimentary cavity ; ep, epiblast ; hy, hypoblast ; al, 
alimentary cavity. In III. the cavity of the somite' has extended on either side of the alimentary 
canal and forms a coelom, or body cavity (c(e). 

these two plates of mesoblast should be regarded each one as of equal morphological importance 
with the epi- and hypoblast. 

It may also be doubted whether the parablastic or mesenchyme elements are essentially 
different in their origin from the rest of the mesoblast.^ In forms which are regarded as 
most typical, such as Sagitta and Amphioxus, they are not distinct in origin from that layer. 
In the simpler forms amongst the Craniata, as Cyclostomata and Amphibia, no origin 
distinct from the rest of the mesoblast has been described for these elements, nor has it been 
seen in mammals, in which, indeed, it is difficult to conceive an independent source for them. 
It is only in the highly modified meroblastic ova that appearances have been noted which have 
seemed to justify the ascribing a peripheral origin to the parablastic elements. But the evidence 
which has been hitherto adduced in favour of this view cannot be regarded as suflBcient to 
justify its unconditional adoption, and it must be regarded as equally open to consideration 
whether the derivation from that part of the blastoderm which is most closely connected 
with the source of nutriment, viz., the yolk, of those elements which are to form the blood 
and blood-vessels, and otherwise to minister to the nutrition of the early embryo is not to be 
explained by the modified physiological conditions of these telolecithal ova. 
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EARLY CHANGES IN" THE BLASTODEEM, RESULTING IN 
THE FORMATION OP THE EMBRYO. 

FIRST APPEABANCE OP THE EMBRYO; FORMATION OP THE NEUBAIi GROOVE 
AND MESOBLASTIO SOMITES. 

Ifeural canal. — The blastoderm in mammals, as we have seen, eventually 
completely encloses the cavity of the ovum, and even in the large telolecithal ovum 
of the bird, it gradually extends so as to cover a large part of the yolk. But only 
a small portion of this membrane takes part in the formation of the body of the 
embryo, that portion namely which lies immediately in front of the primitive groove, 
and it is here that what may be regarded as the first trace of the embryo makes its 
appearance — very soon after the outgrowth of mesoblast from the sides of that 




Fig. 30.— Embryonic area, with outline of part op the vascular area, from a rabbit's 
OVUM OF SEVEN DAYS. \'. (From Kblliker.) 

ag, embryonic area ; pr, primitive streak and groove ; rf, medullary groove. 

groove — in the form of a shallow furrow (fig. 30, rf), wide behind where it 
embraces the anterior end of the primitive streak, and at first narrow in front, and 
bounded on either side and anteriorly by a fold of epiblast ; which folds, in fact, 




Fig. 31. — Section across the anterior part of the medullary oboove op an early embryo 
OF the guinea pig. (E. a. S.) 

ep, folds of epiblast rising up on either side of the middle line, and thus bounding the medullary 
groove ; mg, middle of medullary groove ; hy, hypoblast, which is in contact with the medullary 
■epiblast at the middle of the groove, but is elsewhere separated from it by mesoblast, m which has 
burrowed forwards between the two primary layers. A cleft is seen in the mesoblast on either side ■ 
this is the commencement of the anterior part of the ccelom. ' 
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31 



cvm^. 






Fig. 32. — Sections showing stages in the oontbrsion op the medullary groove into the 

NECRAL CANAL. FrOH THE TAIL END OP AH EMBRYO OP THK OAT. (E. A. S.) 

ep, me, hy, epiblast, mesoblast, and hypoblast; m.g., medullary groove; n.c. (in IV.), neural 
canal ; ch, notocbord ; cm, coelom ; am, tail fold of the amnioii. 




32 THE NOTOCHOED. 

produce the groove which is enclosed between them. The groove which is thus 
early formed mfrflntuifc but not, as was formerly supposed, in continuity with the 
primitive groCve (Dursy), is no less than the rudiment of the whole central nervous 
system, and it is accordingly known as the mural or medullary groov e, the folds which 
bound it being termed the medulla/ry folds .~ By the time that the neural groove is 
formed, the mesoblast has generally extended forwards from either side of the 
primitive streak, burrowing between the epi- and hypoblast, and as the folds become 
developed, this mesoblast fills up the space below the epiblast, triangular in section, 
which each fold encloses, so that on either side of the neural groove there is now a 
longitudinal thickening of mesoblast, entirely separated from its fellow of the 
opposite side by the meeting of epi- aad hypoblast at the bottom of the neural 
groove (fig. 31), and gradually thinning off laterally into what is known as the 

Fig. 33. — Middle op the section shown in pia. 31, 

MAGNIFIED TO SHOW THE LETAILS OF ITS STKCCTURE. 
(E. A. S.) 

ep, me, hy, m.g.,as above ; nch, notoohordal thickening 
of median hypoblast. 

lateral plate of mesoblast. These two longi- 
tudinal thickenings of mesoblast give origin to 
most of the muscular and skeletal tissues of the 

body ; they form what may be termed the 

TicA. ^fi.raM^ J, an distinguished from the lateral meso- 

blast. Somewhat later the medullary folds 
become bent over the neural groove, and meet one another in the middle line 
(fig. 32). Here they blend together, and the groove becomes converted into a 
canal — the neural canal . Of the two layers of epiblast which are formed from 
the folds, one is now the roof of the canal, the other is the epiblast of the dorsal 
surface of the embryo. The layers are at first in contact with one another, but 
subsequently mesoblast passes between them (forming the membrana reuniens 
superior of Eemak). The closure of the neural groove begins in the posterior 
cephalic region, and thence extends forwards and backwards. 

Ifotochord. — -Eunning along the bottom of the neural groove there may soon 
be seen, when the blastoderm is viewed from above, a linear shading, which appears 
to start from the anterior end of the primitive streak and passing forwards becomes 
gradually lost towards the anterior end of the neural groove. Transverse sections 
across the latter show that this appearance of shading is due to a longitudinal 
thickening of the hypoblast along the middle line (fig. 33) ; the central cells of 
this layer becoming enlarged and gradually separating themselves oflF to form a rod- 
like column, which lies between epi- and hypoblast just below the neural groove 
(fig. 32, cK). When so separated, the column is known as the c hm'da dorsalis. o r 
nntnr.hord. a structure which, along the middle line of the early embryo, replaces the 
mesoblast, and which is at first, as before said, continuous with the united epi- and 
hypoblast at the anterior end of the primitive streak. The actual separation of the 
notochordal cells from the hypoblast occurs first a little behind the anterior end of 
neural groove, and progresses backwards, although the hypoblastic thickening occurs 
first at the posterior end of the neural groove and is in fact directly continuous with 
the united column of epiblast and hypoblast which forms the anterior end of the 
primitive streak. The neurenteric canal passes through the thickened posterior 
extremity of the notochord, where this is continuous with the anterior end of the 
primitive streak (see fig. 34). It is continued in mammals a short distance along the 
notochord as a canal (prolonged forwards into a groove) (fig. 34, 5), which has been 
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III. 








Fig. -34. — A SEKIES OF TRANSVEKSE SECTIONS THIiOUGH THE HEDRENTERIO AND NOIOOHORDAL CANAL 

OP A MOI/E EMBRYO. (HeapC.) 

The embryo was slightly more advanced than the one represented in Fig. 25. The dorsal opening 
is shown in I., continued into the primitive groove ; the canal jiasses thence through the column of 
cells which unites the epiblast and hypoblast at the front of the primitive streak (II. ), into the noto- 
chordal thickening of the hypoblast (III.), along which it extends for some distance (IV.), and 
eventually opens ventrally (V.) into a median groove, which is formed in the notochordaj thickening 
(n. ch. c. ) 

ep, me, hy, epiblaist, mesoblast, hypoblast ; p.yr. (in I. and II.), primitive groove ; c, neurenteric 
or notochordal canal ; m.(jr. (in III., IV., and V. ), medullary groove. 

VOL. i. D 



S4 



SEPARATION OF THE EMBRYO. 



described under the name of the notochord al canal, and corresponds with the hypo- 
blastic invagination, which in Amphioxus (Kg. 29, 1., ch) also forms the first stage in 
the development of the notochord. 

A flattening out and even eventually a duplication of tMs canal occurs in the chick and in 
various mammals at a somewhat later stage than that given in fig. .'Si. According to Spee, 
its cleft-like cavity may pass laterally into the commencing mesoblastic cleavage (coelom- 
invagination ?). 

The notochord is essentially an embryonic structure in mammals, although it does 
not completely disappear, for traces of it are to be found throughout life in the 
centre of the intervertebral discs. "When fully developed it is a cylindrical rod 
composed of clear epithelium-like cells, enclosed within a special sheath of homo- 
geneous substance. These cells, although they may become considerably enlarged 
and vacuolated, undergo no marked histogenetic change and take no part in the 
formation of any tissue or organ of the adult. 

Separation of the embryo from the blastoderm. — The embryonic rudiment 
which thus first makes its appearance in the blastoderm, and which consists 
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Pig. 35. — Mesial sagittal section thkough the ahterioe end of an eakly sheep embeyo 

SHOWING THE COMMENCING FORMATION OP THE FORE-GUT. (BoDliet. ) 

cp, epiblast ; hy, liypoblast ; /.(?. , foregut, formed by folding over of layers ; am, amnion (head fold). 
Below the foregut the cephalic ccelom is becoming formed as clefts in the mesoblast. 

essentially of neural groove, mesoblastic thickenings, and notochord, becomes 
at a very early period marked off in front by a dipping down of the blastodermic 
layers immediately in front of the anterior end of the neural groove, so as to form a 
transverse curvilinear sulcus — t he anterwr liimting .mirux This is at first wide 
and shallow, but soon deepens and narrows, and takes at the same time an oblique 
direction, curving downwards and backwards under the front end of the nem-al 
groove. The sulcus is really due to a growth forwards of the anterior end of the 
embryonic rudiment, over the part of the blastoderm immediately in front of it, so 
that this anterior end now projects as a distinct head (fig. 35). 

All the three layers are involved in the forward growth and overfolding which 
produces the head, so that a prolongation from the blastodermic cavity, which is of 
course lined by hypoblast, becomes included in the head, and the anterior part of 
the primitive alimentary canal, ov fore-giit {f.g.) is thereby produced. Formed in this 
way its front end is necessarily blind, and for a long while there is no mouth nor any 
communication between the fore-gut and the exterior of the embryo. The mouth 
becomes formed later by invagination from the exterior. 

In the rabbit, and also in the chick, the blastoderm at this time is still bilaminar in and 
near the middle line in front of the embryo, for the growth of the mesoblast has not yet 
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extended to this part. The head end of the embryo grows forward over this bilaminar portion, 
and since the embryo, as it becomes differentiated, tends to sink below the g-enerai surface of 
the blastoderm, the head which now overlies the bilaminar part produces a depression of this 
part towards the interior of the vesicle, so that the head of the embryo becomes enclosed by 
the bilaminar wall of the depression (fig. 36). The enclosing membrane, which is well marked 
in the rabbit, has been termed by v. Beneden the pro-amnion : by an extension of mesoblast and 
of the mesoblastic cleavage between its layers, it afterwards becomes split into somatopleure 
and splanchnopleure, and the former becomes continuous with the true amnion (see p. 42). 
The stage of pro-amnion, if it exists at all, must disappear very early in the human embryo. 

Soon after the appearance of the anterior limiting sulcus, two lateral limiting 
sulci are seen running external and parallel to the medullary folds ; these lateral 
sulci, as they dip down, mark off the body of the embryo from the rest of the 




Fig. 36. — Diagrammatic longitudinal sections through the embryo of the rabbit. The 

SECTIONS SHOW THE MANNER IN WHICH THE PRO-AMNION IS FORMED BY i DIPPING DOWN OP 
THE HEAD AND ANTERIOR PART OF THE BODY INTO A DEPRESSION OF THE BLAST0EER3I, WHICH 
AT THIS PART IS FORMED OF EPIBLA-ST AND HYPOBLAST ONLY. The DIAGRAMS ALSO ILLUSTRATE 
THE MODE OP FORMATION OP THE ALLANTOIS AND OP THE TAILFOLD OF THE AMNION IN THIS 

ANIMAL, (v. Beneden and Julin. ) 

ep, epiblast ; hy, hypoblast ; me, mesoblast; cce, parts of the coelom ; ca', pericardial coelom, the 
heart not being represented ; pr.a., pro-amnion ; pi, seat of formation of the placenta ; all, allantois ; 
am, amnion. 

blastoderm, but they do not for some time progress far in development, the middle part 
of the future alimentary tract long remaining in free continuity with the cavity of the 
blastodermic vesicle (fig. 45, and fig. 49, d), but becoming gradually more pinched off 
from it. That part of the cavity of the original blastodermic vesicle which does not 
form a part of the alimentary canal, but remains connected with it by a wide neck 
of communication, is known as the ijoUc-nar,. At a later stage, when the body walls 
are formed, and the yolk-sac, relatively greatly diminished in size,, lies altogether 
outside the body of the foetus, it is merely connected by a long narrow duct, which runs 
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along the umbilical cord, with the intestine. This is termed the iimhilkal duct, and the 
yolk-sac itself has received (in mammals) the name of umbilical vesi cle (figs. 50, 51). 
Lastly, at the tail end of the embryo a hind-gut is produced. In the human 
embryo this appears to be formed by a protrusion from the posterior blind end of the 
enteric groove, and after the formation of the allantoic tube, but in most mammals 




Fig. 37. — Transverse section of the tail esd op an embryo cuick of the latter half of 

THE SKOOND DAY, AT THE PLACE WHERE THE VERTEBRAL SOMITES CEASE. 'f. (From Kollikcr. ) 

m.f., medullary folds, the neural canal beginning to close ; j).m., paraxial mesoblast ; l.m., lateral 
mesoblast ; ep. , epiblast ; liy, hypoblast ; ao, primitive aorta ; ch, notochord ; p, coelomio cleavage of 
lateral plate of mesoblast. 

and in birds it is produced by a folding over of the tail end of the embryo like that 
which occurs at the head end to enclose the fore-gut (figs. 45 to 47). The hind-gut 



Fig. 38. — Embryo chick at the end of the second day, seen from 
BEEDW. y. (From KoUiker. ) 

FA, forebrain ; Ab, primary ocular vesicles ; Ch, notochord ; M, tubular 
heart ; oni, vitelline veins ; Vd, entrance to the forepart of the alimentary 
canal within the cephalic fold ; in the middle part of the embryo, the 
protovertebral somites are seen (to the number of thirteen pairs) on each side 
of the canal of the spinal marrow and iiotochord. 

"^ remains for a considerable time blind, until the anus becomes 
formed by invagination from the exterior. 

Cleavage of mesoblast. Formation of body cavity. — 

At a ve^jy early period, soon indeed after the formation of the 
nearal groove, two important changes begin in the mesoblast. 
One of these is the cleavage of the lateral mesoblast (which is at 
first a continuous sheet) into two plates, one of which clings to 
the epiblast, and the other to the hypoblast. The cleft is at first 
small (fig. 37, p), but accumulation of fluid within it soon con- 
verts it into a cavity, which gradually spreads until the separation 
is very extensive (fig. 39, p.p.). The layer of mesoblast which 
clings to the epiblast eventually forms part of the body-wall, 
* ' and is known as the s omato ple ural mesob last; that which clings 

to the hypoblast forms eventually part of the wall of the 
alimentary tract, and is known as the spla nchnopleu ral mesoblast. The cavity 
between these, which is formed by enlargement "of the original cleft, is the gmlomjiT 
bo dy cavity (pleuro-peritoneal cavity of authors). 

Formation of mesoblastic somites. — The other change occurs not in the 
lateral but in the paraxial mesoblast, and consists in the occurrence at regular 
intervals transversely along the mass, of a process of thinning which produces its 
complete separation into distinct segments, so that when the embryo is viewed from 
above or below, these segments appear on either side of the neural groove as a 
linear series of small quadrangular massss (fig. 38), which were originftlly termed 
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procovertebrcB, on the supposition (now known to be erroneous) ' that they are 
the rudiments of the future vertebrffi ; they are more appropriately termed the 
mesoblastic samilcf:. 



SI.C. 




39. — Tbansveesis sectioh THKonGn the dorsai, kegion of ah embryo chick op 45 hohrs. 

(From Balfour.) 

A, epiblast ; C, hypoblast ; Mc, medullary canal ; Pv, protovertebra or mesoblastic somite ; Wd, 
intermediate cell-mass in which the Wolffian duct is becoming formed ; So, somatoplenre ; Sp, 
splanchnopleure ; pp, pleuro-peritoneal cavity (ccelom) ; op, inner margin of area opaca ; w. thickened 
hypoblast of area opaca ; ao, left primitive aorta ; v, blood vessels ; ch, notochord. 



In AmpMoxus (figs. 28,29), the protovertebrae are formed in common with the body cavity, and 
are successively separated off from before backwards from the coelomic fold as hollow cuboid 
somites, each of which extends upwards around the neural canal and downwards along- the 
sides of the alimentary canal, and subsequently divides into a dorsal or paraxial part which 
forms the protovertebrse, and a ventral part which forms the lateral mesoblast. At first the 
hollow somites communicate individually with the alimentary cavity, but they become shut 
off from this long before the division which has just been mentioned. The ventral segments 
run together eventually, to form a continuous serous cavity. In sections of bird or mammalian 
embryos (fig. 39), the protovertebrse, although on the whole compact masses of meso- 
blast, yet often show a tendency to have their central cells loosely an'anged, so as to give the 
appearance of an in'egular cleft in their interior, and sometimes a definite cavity is formed in 
them, whieh may even he continuous with the coelomic cleft in the lateral mesoblast. 

Protovertebrse begin to be marked off in the paraxial mesoblast, a short distance 
from the anterior end of the neural groove, in what will eventually become the 
c ervipal r egion of the embryo. They are produced in succession from before back- 
wards, one or two only being at first visible on either side, and others being gradually 
added as the embryo grows in length, until a large number may at length be counted, 
extending from immediately behind the cephalic region to the region of the primitive 
streak. 

Cerebral vesicles. — Meanwhile a change of importance has taken place in 
connection with the anterior end of the neural groove, which has become enlarged, 
and soon exhibits a succession of highly characteristic median dilatations, separated 
from one another by slight constrictions (fig. 40). These dilatations, at a later 
stage, after they have become roofed in, along with the rest of the neural groove, 
are known as the cerebral vesicles. There is at first a simple enlargement, and 
behind this two others form in succession, so that the prirhary vesicles are three in 
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number, but subsequently the most anterior (Jore-hrain) and posterior {Jiind-hrain) 
each forms two vesicles, whereas the middle vesicle {mid-brain) remains permanently 
undivided. Five vesicles are therefore then to be seen, and these give rise eventually 




Fig. 40. — Sdbface view of as early embryo of the guinea pig showisg the commencement of 

THE three primary CEREBRAL VESICLES (1, 2, 3) AS ENLARGEMENTS OF THE MEDDLLAKY GROOVE. 

Semi-diagrammatic. 

pr, primitive streak and groove. 

Fig. 41. — KaBBIT EMBRYO OP THE 9tH BAY, PROM THE SDRPACE. "J. (Kolliker.) 

The medullary groove is enlarged anteriorly and the primary optic vesicles are growing out from 
the first cerebral enlargement. On either side of the head, the (double) tubular heart is seen. Eight 
pairs of protovertebrse are formed. 



to the five fundamental divisions of the brain, while from the sides of the fore-brain 
the rudiments of the optic nerves and retinse grow out as hollow protrusions. 

Heart and vascular system.^ — While this change is progressing in the 
neural canal, and the protovertebrse are becoming formed in the paraxial mesoblast, 
the first sign of a vascular system is beginning to make its appearance in the 
mesoblast on either side of tu..' head in the form of a simple tubular vessel (fig. 
41), which becomes developed in the splanchnopleure in this situation. As the 
' splanchnopleure and its accompanying hypoblast fold round on either side under the 
head to form the fore-gut, these two simple tubes necessarily come together in the 
middle line, and they then fuse together longitudinally to form a single tube, the 
primitive hear t (fig. 38) ; thistube runsfor a short distance in the mesoblast immediately 
under the fore-gub, and then divides into two branches, which pass laterally, so as to 
partially encircle the fore-gut and thence course backwards along the body of the 
embryo on either side of the notochord. These two vessels form the primitive 
arteries ( yrv milive aortm ), the part of each which encircles the fore-gut as it passes 
dorsalwards teing known as the fir st aortic a rch. On the other hand, the posterior 
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end of the single tubular heart bifurcates at an obtuse angle to form two large 
venous roots ( primitive veins), which receive the blood from the vascular area on the 
yolk-sac when this is developed, and pass it on to the heart. These two primitive 
veins become the vit dUne vein s. 

The heart begms to beat very soon after its appearance, even whilst still filled 
only with a colg grless flu id, and before receiving blood from the vascular area. 




Fig. 42. — Vascular area op ihe rabbit or 10 days. (v. Beneden and Julin.) 
The arteries and arterial capillaries are represented red, the venous capillaries and veins hlue. 



Afterwards, when receiving and propelling the red blood from that area, and 
especially after it has become elongated and bent upon itself, it is one of the most 
prominent objects seen on examining the embryo ; projecting as it does freely into 
the yet widely open ccelom immediately behind and beneath the cephalic region of 
the body. 

The first vessels to be developed are formed in mesoblast altogether outside the 
body and within a circular area { vascular ar ea), which surrounds the developing 
embryo for a certain distance. The iirst appearance of red blood occurs in the foi-m 
of isolated red points Chlood-islg acls of Pander), which are scattered about within 
this area, and are especially numerous at its circumference, where they form an 
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almost continuous chain. These red points are small groups of coloured nucleated 
blood corpuscles which have been developed within certain of the mesoblast cells in 
the manner explained in another portion of this work (see Histology, Development of 
blood-corpuscles and blood-vessels). The mesoblast cells in question form the blood- 
vessels of the vascular area by becoming united with one another into a capillary 
network, which becomes connected mesially with branches of the primitive aortas 




Fig. 43. — Vascular area of the kabbit op 11 days. (v. Beneden and Julin. ) 

The arteries are represented red, the reins blue ; the capillaries ai'e not shown. 
In both the stages illustrated, the terminal sinus is seen to lie arterial. 

(vUeUiii BJirteriesX and peripherally with a circular vessel (terminal sinus ), arterial in 
mammals but venous in the chick, which forms the circurMerential boundary of the 
vascular area. From the capillary network of the vascular area the blood is collected 
into two vitelline veins, which course backwai'ds and inwards to carry the blood of the 
area to the venous roots of the heart. This is the first circulation, or the circulation 
of the vascular area. It is also called the vitelline circulation, because the vascular 
area is developed in the mesoblast of the splanchnopleural layer which encloses the 
vitellus, and its capillaries are an important means of bringing the food material of 
the vitellus to the embryo. 
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DEVELOPMENT OE THE FCETAL MEMBEAHES; ATTACHMENT 
OP OVUM TO UTERUS. 

Having thus sketched out the manner in which the principal organs of the 
body first make their appearance, we may briefly consider the formation of certain 
structures which have a purely embryonic existence, and are concerned either with 
the nutrition of the fcetus and its attachment to the mucous membrane of the 
uterus (chorion, allantois, placenta), or serve the purpose of protecting the embryo 
against mechanical injuries by suspension in a bag of fluid (amnion). 

Formation of the amnion and chorion. — The amnion, which is only found 
in reptiles, birds, and mammals (amniota), is a membranous bag occupied by a clear 
albuminous fluid, and covers the whole of the embryo. It is developed from folds of 

fcdse- ccmniotvai' ohoi-ion^ 




Fig. 44. — DiAORAM OF A TBANSTERSE SECTION OP A MAMMALIAN EMBRYO SHOWINS THE MODE OF 
FORMATION OF THE AMNION. ThE AMNIOTIC FOLDS HAVE NEARLY USITED IN THE MIDDLE LINE. 

Epiblast, blue ; mesoblast, red ; hypoblast and notochord, black. 

somatopleure, which are reflected from the head and tail ends and lateral boundaries 
of the embryo at an early stage.i With the sinking of the embryo into the blasto- 
dermic vesicle or yolk, these folds grow up over the back (fig. 44) until they meet and 
coalesce with one another along the middle line, in such a manner as to form two 
distinct membranes, one of which, the inner, is the amnion (true amnion), while the 
outer membrane (termed the false amnion) becomes applied to the greatly thinned 
remnant of the zona pelluoida, and eventually forms a complete external covering 
to the ovum and its contents. This external covering of the ovum has been long 
known as the chorion— & name which has, however, been applied by some embry- 
ologists to other structures.^ It is fixed to the uterus by villi, which are 

' The head fold is preceded at a yet earlier stage by the bilaminar pro-amnion, the formation of 
which has been already alluded to (p. 35). 

2 The term " chorion " has been applied to various structures by cmbryologists. Originally used to 
denote the external covering of the developing ovum, it was employed successively for the zona pellucida 
("primitive chorion"), the epithelial enclosing membrane of the blastodermic vesicle, and finally for 
the external amniotic fold or false amnion, when this becomes formed. Lately it has been used to 
express the extei-nal albuminous envelope of the undeveloped ovum, so that it is probable that 
much confusion may arise unless the meaning of the term be in each case clearly defined. It 



DEVELOPMENT OF THE FCETAL MEMBRANES. 43 

attached to the uterine mucous membrane, and these villi subsequently become 
ramified and vascular when the growth of the allantois has brought the umbilical 
blood-vessels to the chorion ; but except in the placenta, they at length all become 
atrophied and disappear. 

It will be seen from the manner in which the true and false amnion are formed 
by a fold of somatopleure, that these membranes are composed of both epiblast and 
mesoblast. In the false amnion the epiblast becomes the outer layer ; in the true 
amnion it is the inner layer. The mesoblast of the one is separated from that of 
the other by a space occupied by fluid,' and continuous with the ccelom, with which 




Fig. 45. — DiAOKAM OF A LONGITDDINAL SECTION OF A MAMMALIAN EMBRYO, AFTER THE COMPLETION 

OF THE AMNION. 

in fact it remains continuous until the body walls of the embryo have entirely grown 
round and coalesced on the ventral surface — the final point of coalescence being the 
umbilicus. With this enclosing growth of the body walls the line of reflection of 
the amniotic fold is also carried downwards, so that the amnion is eventually 
attached around the umbilical cord, by which the foetus appears suspended in the 
amniotic fluid (fig. 50). 

In tlie guinea-pig, in which the epiblast is the innermost layer, the amnion is not formed 
as a fold, but results from an extension of the mesoblastic cleavag-e around the dorsal aspect 
of the central cavity ; this cavity thus becomes the cavity of the amnion. 

Formation of the allantois. — Both the amnion and the chorion are entirely 
extra-embryonic structures, i.e., they are external to the body of the embryo, and, 

Avill be used throughout this article in the sense in which it has hitherto almost invariably been 
employed in human embryology, to denote that external membrane of the ovum from which the 
villi (chorionic villi) which grow into the uterine mucous membrane spring, and this it will be seen 
presently, is that part of the external investment of the blastodermic vesicle, v/hich, when the amnion is 
formed, becomes the external amniotic fold or false amnion. 

1 Except in the later stages of gestation, when the amniotic and chorionic mesoblast become loosely 
united by jelly-like connective tissue. 
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although they minister to its protection and nutrition, take no part in the formation 
of any of its organs. But the case is different with the structure next to be 
described, viz., the allantois, a part of which does in fact eventually become 
converted into portions of the urinary and generative systems, although the greater 
part is also extra-embryonic, its function being to minister, through its accompanying 
blood-vessels, to the nutritive and respiratory exchanges of the foetus. 

The time of development of the allantois seems to vary much in mammals, and 
there is reason to believe that it is found in the human embryo at a veiy early 
period — indeed the earliest human embryos that have hitherto been described 
already possess an allantois. In most animals in which its development has been 
studied the allantois has been found to begin as a hollow prolongation of the posterior 
end of the primitive alimentary canal (fig. 46). It soon, however, becomes relatively 




Fig. 46. — LONGITDDINAL SECTION THROUGH THE POSIEBIOE END OP AN EMBRYO RABBIT, SHOWING THE 
OUTGROWTH OP THE ALLANTOIS. (Kolliker. ) 

h, epiblast of trunk ; dd, hypoblast ; m, medullary or neural canal ; ch, notochord ; hd, 
commeacing hind-gut, which is becoming formed by a folding-over of the tail end of the embryonic 
blastoderm, v ; ed, blind end of hind gut ; a/, allantois growing out from hind gut into aw, mesoblastic 
thickening ; e, epithelium of yolk sac ; df, splanchnopleure ; hp, somato-pleure passing superiorly into 
nm, tail fold of amnion ; s, is placed within the cavity of the amnion, and denotes the tail end of the 
embryo. 



shifted in position so as to come oif from the ventral wall of the hind-gut, growing 
into the posterior extension of the mesoblastic cleft and eventually into the space 
between the false and true amnion, and carrying along with it its mesoblastic covering 
(figs. 36, 4.5). It is therefore composed eventually of two parts, viz., (1) a hypo- 
blastic sac which communicates, at first widely but afterwards by a narrowed orifice, 
with the hind-gut, and (2) an investment of mesoblast. This last is usually greatly 
thickened and very vascular, and is directly supplied with blood by two arteries 
(allantoic or umbilical arteries), which appear at first as a direct continuation of 
the primitive aortse. As the allantoic vesicle expands into the cavity of the false 
amnion, it carries the vascular mesoblast along with it, so that this mesoblast is thus 
brought to the inner surface of the chorion, over which its blood-vessels then spread 
so as to convert this hitherto non-vascular membrane into one which is richly 
supplied with blood-vessels. The chorion has grown in the form of ramified 
villi into the substance of the uterine mucous membrane or decidua even 
before this advent of the vascular tissue of the allantois, but the chorionic villi 
now receive blood-vessels and thus become vascularized, the interchanges between 
the fcetal and maternal vascular systems, which are afterwards confined to one region 
only of the chorion and decidua — that which forms the placenta — occurring in the 
first instance over the whole superficies of the ovum. 
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Like the amnion, an allantois is onlj formed in the embryo of reptiles, birds, and mammals.' 
It vanes chiefly m the extent to which its hypoblastio part becomes developed. In reptiles, 
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Fig. 47. — LONSITUDINAL SECTION AT A SLIGHTLY LATER STAGE THAN THAT SHOWN IN flG. 46. 

The allantoic protrusion now springs from the ventral wall of the hind gut. Lettering as in fig. 46 
(FromKoUiker.) 

Fig. 48. — Early human embryo. (From His after Costs. ) 
The embi70 is enclosed within the amnion am, and is attached at its caudal end by the allantoic 
stalk, aU, to the chorion. The yolk sac, ys, is still distinct from the allantoic stalk. 





Fig. 49. — Diagram of longitudinal sections through the human ovum at successive stages 

SHOWING the dipping DOWN OP THE EMBRYO-RUDIMENT INTO THE BLASTODEKMIO VESICLE, AND 
THE FORMATION OF THE FOEEGUT, AMNION, AND STALK OF THE ALLANTOIS BY THE FOLDING OF 
THE BLASTODER.M. (His.) 

Am, head fold of the amnion (pro-amnion in h and c) ; Nh, yolk sac. a and d are conditions of the 
embryo which have been seen and described ; b and c are intended to show how the comlitions found 
in d may be brought about, and especially how the stalk of the allantois may be regarded as a direct 
continuation of the posterior end of the embryo, which according to His does not lose at any time its 
connection with the chorion or villous. external membrane of the ovum. The curved dotted lines in c 
indicate the formation of the amnion and false amnion by the upgrowing of lateral folds (which have 
not as yet met in the median line). 

' For a discussion of the origin and meaning of the amnion and allantois, see Balfour, " Comparative 
Embryology," II., p. 256. 
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in birds, and in some mammals, e.g. ruminants, this portion forms a large sac which occupies 
the greater part of the cavity of the false amnion, and is filled by fluid (allantoic fluid) in 
which many urinary products can be recognized. (The ducts of the embryonic renal organs open 
into the pedicle of the aUantois.) But in most mammals the development of the hypoblastic 
sac is far less extensive, and in some, including the human embryo, the aUantois is mainly 
represented by a large mesoblastic outgrowth carrying the allantoic (umbilical) vessels to the 
chorion. There is also considerable variation in the period at which the aUantois begins to 
develop. In the human embryo it is certainly formed at a very early period, probably even 
before the amnion is completed. In the guinea-pig, also, it appears early, although after the 
amnion. In this animal it is first developed as a solid outgrowth of mesoblast which projects 
from the Kne of junction of the hinder end of the anmiotic bag with the blastoderm, and 
before the formation of a hind gut or of any part of the alimentary tube, a hypoblastic 
diverticulum being altogether wanting. In the earliest human ova in which the allantois 
has been investigated, it is already a tube of hypoblast which forms a direct prolongation of 
the posterior end of the primitive alimentary canal (fig. 49, d), and is enclosed in a short 
stalk of mesoblast, by which the posterior end of the embryo is attached to the chorion, and 
through which, by the allantoic (umbilical) blood-vessels, the chorionic villi are freely 
supplied with blood. From the attachment of this stalk to the placenta (chorionic part), 
the hinder extremity of the amnion is reflected. The stalk in question is not the um- 
bilical cord, since it does not include the stalk of the yolk sac (vitelline duct), which only 
later becomes bound up with it. It is termed by His the abdominal stalk (Bauchstiel), 
the term allantois being by him restricted to the hypoblastic diverticulum. It is further 
considered by His to be probable that the human embryo never becomes completely detached 
from the chorion, but that it always retains its attachment to the outer membrane 
of the ovum at the hinder end, this abdominal stalk being regarded as a direct prolongation 
of the tail end of the embiyo (fig. 49). If this should prove to be the case, the 
human ovum would form an exception to the usual rule of a complete separation of embryo 
from chorion at the formation of the amnion, and subsequent re-attachment by outgrowth of 
allantois. 

Changes in the uterus. Mode of attachment of ovum to uterus.' — 

The mucous membrane of the pregnant uterus is known as the decidua. It is 
thicker and more pulpy than in the ordinary non-pregnant condition, and the 
glands are longer in proportion, but it is otherwise of similar structure except in 
the part where the placenta is about to be formed ; here it undergoes important 
modifications. The ovum, which has been fertilized and has passed through the 
first stages of development in the Fallopian tube, although considerably larger than 
the undeveloped ovum, is still an extremely minute object when it reaches the 
uterus. Here it speedily becomes imbedded in the soft and thickened mucous 
membrane, and this is soon reflected over and completely encloses the ovum, which 
thus comes to lie in a cavity within the decidua which is altogether shut off by the 
reflected part from the true cavity of the uterus. Different names have been given 
to these parts of the uterine mucous membrane which immediately enclose the ovum 
to distinguish them from that which lines the original cavity of the uterus. Thus 
the layer of membrane which has grown around the ovum is known as the decidua 
reflexa ; the part where the ovum first becomes attached to the uterus and where the 
placenta is afterwards formed, is the decidua serotina, while the membrane lining 
the true cavity of the uterus, is termed decidua vera (figs. 50, 51). 

"With the subsequent gi'owth and consequent expansion of the ovum the enclosing 
decidua reflexa expands also pari passu, encroaching more and more upon the true 
cavity of the uterus and coming into contact everywhere with the decidua vera. 
Eventually it blends entirely with the decidua vera, so that the two layers are indis- 
tinguishable and the original cavity of the uterus is obliterated (except at the 
cervix uteri). 

1 The following account of the formation of the deciduse and of the placenta is confined as much as 
possible to what has been observed in the human subject. In other mammals important variations in 
the mode of attachment of the ovum and in the formation and structure of the placenta are found to 
occur. 
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Botli tlie decidua vera and the decidua reflexa originally contain tubular and somewliat 
tortuous glands, wliicli were discovered by Sharpey, and were by him supposed to minister, in 
the first instance, both to the nutrition and to the attachment of the ovum, the latter by 
affording: depressions for the chorionic villi to penetrate into the substance of the decidua. It 
has, however, since been shown that these villi do not directly pass into the glands, but 
rather tend to become attached to the interglandular surface, and indeed at the decidua 
serotina. where subsequently the main attachment of the chorionic villi occurs, the giand- 
lumina may become almost entirely obliterated before the villi are here formed. But the 
greatly enlarged glands of the decidua vera veiy probably furnish a secretion to assist the 
nourishment of tHe ovum previously to the full establishment of the placental circulation. 




Fig. 50. — DiAanAMMATio section of the pregnant human uterus at the seventh or 
EIGHTH WEEK. (Allen ThomsoD. ) 

c, c, openings of Fallopian tubes into the cavity of the uterus ; c', cervix, iilled by a plug of mncus : 
the letters r and c' are placed within the original cavity of the uterus ; dv, decidua vera ; dr, decidua 
reflexa ; dn, decidua serotina ; ch, chorion with its villi growing into the decidua reflexa and d. 
serotina ; in the foi-mer the villi are becoming atrophied ; «, umbilical cord, the dotted lines indicate 
bloodvessels within it ; al, allantois ; y, yolk sac (umbilical vesicle) ; y', its stalk, passing in the 
umbilical cord and connected with the intestine of the embryo, i ; am, amnion. 



The decidua undergoes remarkable structaral changes during the early months of 
pregnancy, some of these changes being common to all three jjarts of the membrane, 



48 



CHANGES IN THE UTERUS, 



whilst others are special to that part (d. serotina) which enters into the construction 
of the placenta. The following is a brief account of these changes.^ 

With the supervention of pregnancy the mucous membrane lining the uterus 
becomes thickened and the tubular glands become both dilated and greatly elongated. 




Fig. 51. — Anteeo-posteriof. section of T£IC gravid 

UTERUS AND OVDM OF FIVE WEEKS. (Semi-dia- 

grammatic. ) (Allen Thomson. ) 

u, anterior ; p, posterior uterine wall ; m, mus- 
cular substance ; m, placed in the cavity of the uterus ; 
ij, the glandular layer of the decidua vera ; ■/•, the 
decidua reflexa ; s, decidua serotina ; u, cervix uteri ; 
ch, chorion with its villi, which are more highly deve- 
loped on the placental side ; e, the embryo enclosed 
in the amnion, with the allantoic vessels passing along 
a short allantoic stalk into the placenta, and the 
umbilical vesicle lying free in the space between 
amnion and chorion. 
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Fig. 51*. DlAGKASlMATIO SECTIONS OF THE UTERINE MUOOUS MEMBRANE, SHOWING THE CHANGES WHICH 

THE GLANDS UNDERGO WITH THE SUPERVENTION OF PREGNANCY (from Kundrat aud Engclmann). 

A, Diagram of the glands of the non-pregnant uterus ; m, muscular layer ; B, condition of the 
glands at the beginning of pregnancy ; c, compact layer near free surface of decidua : the glands ai-e 
here somewhat enlarged but not very tortuous, and the mucous membrane is rendered compact by 
hypertrophy of the interglandular tissue ; sp, spongy layer, containing the middle portion of the 
glands greatly enlarged and tortuous, producing a spongy condition in the mucous membrane ; d, deepest 
portion of the glands, elongated and tortuous, but not much enlarged. 

This thickening of the membrane and enlargement of the glands goes on until the 
fifth month, so that by this time the decidua vera is nearly half an inch in thickness 
and its glands have undergone so considerable an elongation that they now no lono-er 
pass nearly straight tlirough the membrane but run in a tortuous manner from the 

' For a more complete account of the changes in the uterus, aud of the placenta, ths reader is 
referred to the list of papers at the end of this section, but especially to the works of Kundrat and 
Engelmann, Leopold, and Minot, and for the comparative structure of the placenta to the classical 
investigations of Turner. 
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inner surface to the vascular layer, so that a vertical section of the membrane exhibits 
them cut quite as often obliquely or transversely as longitudinally. They are also 
generally dilated, but the dilatation is by far most marked at the mouths of the 
glands, which come thus to have a funnel-like shape, and in the deeper part of the 
membrane, where the dilatations look in sections like a series of cavities, lined by 
cubical or flattened epithelium, and separated from one another by a relatively 
small amount of interglandular substance. This gives a spongy appearance to the 
part in question, and it has been accordingly termed the .stratum spongiosum of 
the decidua (fig. 51*, B, sp). The deepest part of the glands, that, namely, which is 
in contact with and is imbedded in the superficial portion of the muscular coat, does 
not share in this dilatation, and its epithelium also retains the columnar character. 
The part of each gland between the funnel-shaped mouth and the dilatations above 
described, also becomes enlarged, but not to so great an extent, the hypertrophy of 
the mucous membrane being here chiefly confined to the interglandular tissue, which 
becomes filled with large epithelium-like cells {decidual cells of Friedlander) and 
with numerous and large capillary blood-vessels. This layer of the decidua has 
been termed the stratum compactum in contradistinction to the stratum spongiosum 
external to it (fig. 51*, B, c). 

After the fifth month, by which time the great increase in size of the ovum with 
its contained embryo has brought the decidaa reflexa into close contact with the 
decidua vera, the latter begins to undergo an atrophic process, the result to all 
appearance of the compression and distension to which it is thus subjected. Its 
tissue becomes thinner and less vascular, and both the funnel-shaped mouths of the 
glands and those parts of the glands which run through the stratum compactum 
become gradually obliterated, so that eventually hardly any trace remains. In the 

Fig. 52. — DiAQKAMMATIO SECTION THROUGH THE BEOIDUiE 

AT THE EDGE OP THE PLACENTA (from Kundrat and 
Engelmann). 

c, sp, m, as in fig. 51*, B ; d v, decidua vera ; d s, decidua 
serotina ; d r, decidua reflexa. 

stratum spongiosum the spaces which have 
resulted from the dilatation of the gland tubes 
lose the lining epithelium, and become flattened 
out conformably to the surface, so that they now 
appear as a layer of compressed lacunae, sepa- 
rated by thin fibrous trabeculse (fig. 52, s;?.). 

Similar changes occur in the decidua reflexa. 
That this is truly a fold of mucous membrane is 
evidenced by the fact that gland tubes can be 
seen to open upon both its surfaces. These gland 
tubes early become enlarged, and acquire an 

oblique or tortuous course, with dilatations in their deeper parts, i.e., in the middle 
of the thickness of the d. reflexa, so as to form here also a sort of spongy tissue. 
But the decidua reflexa sooner becomes expanded by the growing ovum into a 
relatively thin membrane, and the atrophic changes in the glands occur at an 
earlier stage, so that by the time that it has coalesced with the decidua vera hardly 
any traces of them can be discerned. 

In the decidua serotina (placental decidua) similar changes have been described 
in the glands, the final result being the formation of a spongy layer, with irregular 
clefts flattened out conformably to the surface, and from which the epithelium has 
entirely disappeared, accompanied by complete atrophy and disappearance of all the 
parts of the glands which are superficial to this layer, the only portions which 
remain nearly unaltered being the deepest parts of the tubes, which are partly 
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Fig. 53. — Seoiion through a normal placenta op seven months in situ (Minot). 

Am, amnion ; Cho, chorion ; Vi, root of a villus ; vi, sections of the ramifications of villi in the 
intervillous spaces, the larger bloodvessels within them are represented black : D, deep layer of the 
decidiia, showing flattened remnants of enlarged glands in spongy stratum ; Ve, uterine vein f? artery) 
opening out of placental sinus ; Mc, muscular wall of uterus. 
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imbedded in the muscular coat of the uterus, and retain their epithelium. After 
separation of the placenta from the uterine wall at parturition, the uterine mucous 
membrane, with its epithelium and glands, becomes renewed from this deepest portion 
of the decidua serotina. 

The most important changes of structure occur in the supei-ficial part of the 
placental decidua, after the disappearance of the glands. The exact manner in 
which these changes take place has not been foUowed out, but the ultimate result is 
the replacement of the whole of this portion of the decidua, with the exception of a 




Fig. 54. — Sections illtjstkatino the structure of the placenta (Minot). 

A, vertical section through the margin of a placenta at full term ; D, D, deep layer of decidua ; 
Ft, chorionic villi variously cut, their bloodvessels injected ; Si, marginal space of the placenta, 
nearly free from villi ; m, aborted villi beyond the placenta ; Fib, canalized fibrine of Langhans, 
produced, according to Minot, by transformation of the superficial layer of the chorionic epiblast. 

B, decidual tissue from a placenta at full terra ; is, a. bloodvessel ; d, d', decidual cells ; the latter 
with several nuclei. 

comparatively narrow lasal layer next to the spongy structure, into a series of inter- 
communicating vascular sinuses, which together constitute an immense flattened 
space (intervillous space), bounded internally (toward the uterine wall) by the basal 
layer just referred to, and externally by the chorion ; also, according to some 
authors, by a thin layer of decidua, the subcfwrionic membratie of Turner, which is 
described as lying immediately under the chorion of the ovum but so intimately 
incorporated with it as to be with difficulty demonstrable as a separate stratum 
except at the edge of the placenta. 

From the basal layer, partitions of fibrous decidual tissue pass towards the 
chorionic surface, and serve to partially sub-divide the labyrinth of vascular spaces or 
sinuses into a number of loculi (cotyledons). Each of these loculi is occupied by an 

E 2 



53 



ATTACHMENT OP 'J HE OVUM TO THE DECIDUA. 



arborescent tuft of villi continuous with the foetal chorion, and traversed by blood- 
vessels which are supplied from the branches of the umbilical arteries. These 
blood-vessels form a capillary loop in each villus, and these capillary loops are 
separated from the maternal blood in the placental sinuses not only by the capillary 
walls and the connective tissue of the villus, but also by a double layer of flattened 
epithelium-like cells derived either from the chorionic epithehum (Minot),i or from 
the decidual tissue, and, perhaps, in part representing an endothelial membrane 
belonging to the placental sinuses, which, according to Waldeyer, are lined by endo- 
thelium prolonged from that of the uterine vessels. 

Some of the chorionic viUi are attached (1) by comparatively stout bands of 
fibrous tissue to the basal stratum of the decidua, (2) by finer bands of similar 
substance both to one another and to the 
septal prolongations of the decidua ; others 
hang fresly into the placental sinuses. 
These sinuses are supplied directly with 
arterial blood from tortuous branches of 
the uterine arteries which pass through the 




Fig. .55. — Diagram showing the tissues coverihg 

THE VILLI IN THE HUMAH PLACENTA, AND 
THEIIl RELATION TO THE DECIDUA ACCORDING 

TO Turner. 

F, fcetal tissue ; M, maternal tissue ; d, blood- 
vessels in villus ; d', blood in placental sinus ; 
e', layer of cells covering villus ; x, basement mem- 
brane covering villus (? endothelium) continued from 
uterine vessels ; ds, decidua serotina ; t, tissue 
uniting villus to decidua ; ca, up, uterine vessels 
opening into sinus. 




Fig. 56. — Diagram or the placenta (E. A. S.). 

s, placental sinus ; ds, decidua serotina ; sp, 
spongy layer ; m, muscularis ; a, v, uterine 
artery and vein opening into placental sinus. 



spongy stratum of the decidua serotina and through the basal stratum of the 
placenta to open into the sinuses without the intervention of capillaries. From 
the sinuses veins, which run very obliquely through the decidua, carry off the blood, 
and eventually pass into the veins of the muscular wall. The foetal villi are thus 
bathed by slowly flowing maternal arterial blood, and respiratory and nutritive 
exchanges may occur between the two kinds of blood, Imt there is no actual mixing 

' Minot describes both the villi and the sinuses of the placenta as bounded by the chorionic epithelium 
This would agree very well with recent observations in the bat, hedgehog, and other mammals, which 
show that these spaces are originally developed in hypertrophied epiblast (see next page). 
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of the two fluids, nor is it possible to inject the foetus from the mother through the 
placenta, or the mother from the foetus. 

The question, which has been more than once raised, whether the intervillous spaces 
normally contain blood, may be now regarded as settled in the aifirmatiTe. It has been 
usually held that they represent capillaries or veins of the deoidua, which have become 
dilated and fused together to such an extent as to occupy the whole thickness of the 
placental part of that membrane, with atrophy of the intervening decidual tissue, which 
merely remains as a, covering to the villi. But since the placental sinuses appear to be 
bounded superficially by the chorionic covering of the ovum, and it is in most places not 
possible to detect any decidual tissue between them and the chorion, it has been conjectured by 
some writers (KoUiker, Langhans) that they have become formed by extravasation of blood into 
a space between the ovum and the decidua, into and across which space the chorionic villi 
have grown. Although the development of these structures is insufiBciently known in Primates, 
it has been shown in various mammals (Selenka, Duval, Hubreoht, Masius) that the first 
attachment of the blastodermic vesicle to the uterine wall is effected by the external layer of 
the epiblast, which sometimes splits off over the embryonic area as a distinct layer, and 
which, in some animals (e.g., hedgehog), becomes greatly thickened, and is connected by 
epiblastic villi to the decidua. This external layer of epiblast, for which Hubrecht has pro- 
posed the general name of trophoMast, causes the absorption of the uterine epithelium both 
of the surface and of the glands (where this epithelium has not previously been cast off) 
and comes directly in contact with the enlarging decidual vessels, the endothelium of which 
is actively proliferating. "Within the thickened trophoblast clefts now make then- appear- 
ance and are presently found to be occupied by maternal blood, which is derived from the 
vessels of the adjacent hypertrophied decidua. This blood flows therefore into spaces iu the 
trophoblast, which are only boimded by foetal epiblast, and this primary placental circulation 
may be formed before any f cetal blood-vessels have reached the chorion. Subsequently, when 
the vascular mesoblastic viLi become formed they extend into these spaces, pushing before 
them the epiblast ; by this layer they remain permanently covered and it also lines the 
enlarged spaces into which they have extended. 

The placenta is composed of two parts, one foetal, composed of chorion with 
its "villi ; the other maternal, formed from decidua serotina. In its completely 



Fig. 57. — Tkaksverse section of a villus from 

A PLACENTA OF SEVEN MONTHS (Minot). 

Three blood-vessels are seen within the villus, 
imbedded in a jelly-like connective tissue containing 
cells and fibres ; a, a, cell-layer covering villus 
(epiblast according to Minot ; according to others 
of decidual origin) ; /, a thickened portion of this 
cell-layer, which has undergone a fibrinous transfor- 
mation (canalised fibrin). 



developed condition, it is a circular discoid 
mass, weighing about a pound, 7 or 8 inches 
in diameter, thickest at the centre (If inch), 
and thinning away towards the edges, 
which are continuous with the compara- 
tively thin coalesced deciduse and chorion. 
Its inner surface is smooth and concave, 
and is closely covered by the amnion as by 

a serous membrane ; under this the larger branches of the umbilical vessels course 
before dipping into the substance of the placenta. From near the centre of the 
organ the umbilical cord passes off to the foetus. Its outer surface is incorporated 
with the uterine wall, but when detached from this by tearing through the spongy 
tissue of which the deeper part of the decidua is formed (as occurs in parturition at 
the expulsion of the foetus), the outer surface appears ragged and irregular, in 
striking contrast to the smooth amnion-covered inner surface. Examined under 
the microscope, the chorionic tissue (villi) of the placenta is found to be composed 
of jelly-like connective tissue, with branched and anastomosing cells (fig. 57) ; in 
some parts of the larger stems white fibres are seen. What remains of the decidual- 
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tissue has a fibrous appearance, with very numerous decidual cells, which frequently 
obscure the fibres (fig. 54, b). In and after the fifth month of pregnancy, a number 

Fig. 58. —Front and side views of an early human ovum 
■" rouR TIMES THE NATURAL SIZE (from Keichert). 

This ovum is supposed to be of thirteen days after impreg- 
nation. The surface bare of villi is that next the wall of the 
nterus, showing at e, the opacity produced by the thickened 
embryonic disc. The villi covered chiefly the marginal parts of 
the surface. 



of large multinucleated giant cells are found scat- 
tered about in the tissue. They occur most abun- 
dantly in the outermost layer of the decidua 
serotina, and have been described by Friedlander and by Leopold as growing at a 
later stage (eighth or ninth month) into the veins which pass through this layer, so 






Fig. 59. — View of the interior of the human gravid uterus at the twenty- fifth day 

(from Farre after Coste). 

«, uterine wall ; y, ovum with villous chorion ; dv, decidua vera ; dr, decidua reflexa, divided round 
the margin of the ovum, and turned down so as to expose its pitted surface, which has been removed 
from the ovum. The right ovary is divided, and shows in section the plicated condition of the eaily 
corpus luteum. 
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as to produce a partial blockage of these veins, prepanitoiy to the detachment of the 
placenta from the layer. 

The villi do not at first cover the whole surface of the ovum, but are deficient at 
the embryonic, and perhaps also at the opposite, pole. In the earUest human ovum 
which has hitherto been described, 
that of Reichert (fig. 58), the villi, 
which are quite simple, occur in a 
broad zone around the circumference 
of the ovum, leaving the (somewhat 
flattened) poles smooth and free 
from villi, and on one of these poles 
a thickening of the wall of the 
vesicle could be detected, which was 
probably the embryonic area. But 
in all other early human ova which 
have been noticed, the chorion, 
which is now formed by the false 
amnion, is covered with ramified 
villi (shaggy chorion), and these are 
already vascularized from the allan- 
tois, and have grown into the sub- 
stance of the decidua reflexa and the 
decidua serotina, the formation of 
the placenta having already begun. 

Separation of the decidua 
uterine mucous memliraue. — In 




Fig. 60. — Portion of an injected villus from a 

PLACENTA OF ABOUT FITE MONTHS (Minot). 



at birth, and regeneration of the 

parturition, the pressure of the contracting 
muscular walls upon the uterine contents, and especially upon the amniotic fluid, 
causes a bulging of the membranes (consisting of the combined deciduae, the 
chorion, and the amnion) through the os uteri. When the membranes are ruptured, 
the amniotic fluid first escapes, and subsequently the foetus is expelled. With 
further contraction of the uterus, the placenta becomes detached from the uterine 
waU, separating along the plane of the dilated parts of the glands (stratum spongio- 
num of the decidua serotina), and as it is expelled, the separation extends around the 
decidua lining the rest of the uterus, which appears in the " after-birth " along with 
the chorion and amnion as a thin membranous skirt to the edge of the placenta. The 
deepest part of the decidua containing the bases of the uterine glands is everywhere 
left in connection with the muscular tissue, and from these basal portions of the 
glands, first the whole of the uterine glands, and subsequently the lining epithelium 
of the uterus become gradually regenerated. 
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DEVELOPMENT OE THE NERVOUS SYSTEM. 

As has been already described, the whole of the central nervous system takes origin 
from the thickened walls of a dorsally situated axial groove, subsequently converted 
into a canal, which runs forwards in front of the primitive streak, and the anterior 
end of which becomes enlarged and converted by constrictions into three successive 
vesicles, around which the several parts of the brain are formed, and which are 
known as the primary cerebral vesicles. The remainder of the neural canal is of 
nearly uniform diameter, and its walls become converted into the substance of the 
spinal cord, while the cavity itself becomes eventually the central canal of the cord. 
The walls of the neural groove are of course composed of epiblast, and it therefore 
follows that the whole structure of the central nervous system is laid down in 
epiblast, and consists in the main of more or less modified epiblastic elements, except 
where mesoblastio tissues subsequently penetrate into it, conveying blood-vessels 
into its substance. As was shown by Balfour, the same is in all probability true for 
all the nerves of the body, cranial and spinal, which either, as with the fibres of the 
anterior roots of the spinal nerves, grow directly out from the neural epiblast, or, as 
with the fibres of the posterior roots, are formed and grow from masses of epiblast 
cells, which are separated off at the junction of the neural and general epiblast to 
form the ganglia, from which the posterior root fibres appear to take, origin (His). 
An exception must, however, be recorded for the olfactory tracts and bulbs and optic 
tracts and nerves, which, although derived from the nem'al epiblast, yet have a different 
mode of origin from all other nerves, both cranial and spinal, since they arise not as 
solid outgrowths of that epiblast, but as hollow protrasions from the brain, which 
only become solid at a later stage of development. We have then to consider the 
manner in which are developed (1) the spinal cord ; (2) the several parts of the 
brain ; and (3) the spinal and cranial nerves and their ganglia, as well as the ganglia 
and nerves of the so-caUed sympathetic nervous system. 



DEVELOPMENT OF THE SPINAL COED. 

Soon after the neural canal is closed (fig. 32, p. 31), it takes the form, along the 
greater part of the length of what is afterwards to become spinal cord, of a cleft- 
like cavity, with thick sides, and a relatively thin dorsal and ventral boundary (roof 
and floor). The parietes of the canal are wholly composed of long columnar epithe- 
lium cells, whose free borders, which are at first smooth, but later become ciliated, 
line the cavity, and whose attached extremities rest upon a homogeneous limiting 
membrane which early makes its appearance, bounding the embryonic cord, and 
separating it from the surrounding structures. These cells, therefore, extend at 
first through the whole thickness of the embiyonic cord, and they have the closely- 
set, palisade-like character, with the nuclei at different depths, such as it is usual 
to find in long columnar epithelium. 

After a time, it is found that the ceUs (which have become always longer with 
the increasing thickness of the wall of the neural canal) show a tendency to branch 
and to unite with the branches of neighbouring cells. In this way a network or 
spongework is produced, which extends throughout the greater part of the thickness 
of the embryonic cord ; at the same time the inner parts of the cells which immedi- 
ately line the canal retain their palisade-like arrangement, while the external or 
attached ends often exhibit a radiating disposition, which gives a characteristic 
radial character to the external layer of the reticular structure. The reticulum is 
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termed myelospongiuw, and the cells by which it is formed are spoken of as spongio- 
llasls (His) (fig. 61). 

Between the inner ends of the columnar epithelium cells or spongioblasts there 
is seen at a comparatively early period (four and five weeks in the human embryo) 
a number of rounded cells, with a considerable amount of clear protoplasm, forming 






Fig. 61. — Myelospongium pkom spinai, coed of three and a haif weeks human embryo (His) '— . 
Fig. 62. — Inner ends of spongioblasts with gersiinal cells, g, between them ; from 

SPINAL COED OY HUMAN EMBRYO (His). 

Fig. 63. — Inker ends of spongioblasts (Sp) ; A gkrmikal CELL(5r) and two transitional 
CELLS (Tr) from spinal cord of human embryo (His). 

Fig. 64.— Three neuroblasts, each with a nerve-fibre process growing out beyond the 

BASEMENT MEMBRANE OF THE EMBRYONIC SPINAL CORD (His). 



an interrupted layer in this innermost zone. Their nuclei are mostly in one stage 
or another of karyokinesis (fig. 62). They are termed by His the germinal cells, and 
according to him they give origin to the cells next to be described. 

The third kind of cell (neuroblast) met with in the cord of the early embryo is 
one with a relatively large oval nucleus, and little protoplasm, but with a tapering 
protoplasmic prolongation directed outwards towards the surface of the cord. These 
cells are found in groups, at first only in or near the layer of germinal cells (fig. 63), 
but subsequently in the outer layers (fig. 64). The prolongations ai'e the'' com- 
mencements of the nerve-fibres, and they mostly converge either straight or with 
an arcuate course towards what will subsequently be the place of exit of the fibres of 
the anterior roots. 

The outermost layer of the embiyonic cord after the differentiation of the 
various kinds of cells above described is free from nuclei, and is composed of the 
partly reticulated, partly radially arranged external or attached extremities of the 
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epongioblasts. This may be taken to represent the white matter of the cord at this 
stage (all the rest representing grey substance) ; but there are at first no nerve fibres 
in it, the only structures which can be at all compared to nerve fibres being the 
prolongations of the neuroblasts, and these lie either as arcuate fibres altogether in 
the outer part of the grey substance, or are passing out of the cord as the beginnings 
of the anterior roots from a mass of neuroblasts which forms the rudiment of the 
anterior cornu of grey matter (fig. 65). This mass constitutes in the human embryo 
of six weeks (fig. 66) the chief portion of each half of the cord. It forms a con- 
siderable projection which laterally almost reaches the surface, but ventrally is sepa- 
rated from it by a thickening of the external or radial zone, due to the appearance of 
longitudinally coursing nerve fibres within it : this is the beginning of the anterior 





Fig. 65. — Section op spinal cord of foub weeks hdman embryo (His). 

The posterior roots are continued within the cord into a small longitudinal bundle which is the 
rudiment of the posterior white column. The anterior roots are formed by the convergence of the 
processes of the neuroblasts. The latter, along with the elongated cells of the niyelospongium compose 
the grey matter. The external layer of the cord is traversed by radiating fibres which are the outer ends 
of the spongioblasts. The anterior commissure is beginning to appear. This figure is much more 
magnified thau the next one. 

Fig. 66. — Transverse section of the cervical part of the spinal cord op a human 
EMBRYO OF SIX WEEKS (from Kollikcr). 59 

c, central canal ; e, its epithelial lining ; at e' (superiorly), the original place of closure of the canal ; 
a, the white substance of the anterior columns ; g, grey substance of antero-lateral horn ; p, posterior 
column ; ar, anterior roots ; pr, posterior roots. 

white column (a). By this time, also, although to a rather less extent, the posterior 
white columns have, simultaneously with the posterior roots, begun to make their 
appearance on either side of the narrow dorsal part of the neural canal (p). There is, 
however, only a relatively thin layer of grey matter (neuroblasts) separating the 
posterior white columns from the palisade-like lining of the canal, and as yet no 
sign of nerve fibres in the situation of the lateral columns, which are only repre- 
sented by a thin layer of the radial myelospongium. The roof and floor of the 
canal are also quite thin and undeveloped. 

At this period there is still no sign of eithel* anterior or posterior (dorsal or 
ventral) fissures of the cord. These become formed as the cornua of the grey matter 
grow out from the central mass, and as the anterior and posterior white columns 
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increase in extent. The anterior fissure is simply a cleft left between the enlarging 
lateral halves of the cord ; the anterior commissure is formed across the bottom of 
the cleft, which is thereby separated from the central canal. As for the posterior 
fissure, it is uncertain whether it is in part formed from the dorsal portion of the 
constricted canal, which has become occupied by an ingrowth of pia mater, and 
conTerted into a mere septum of connective tissue, or whether this fissure with its 
connective tissue septum becomes foi'med independently of the central canal, which, 
as the fissure extends, gradually atrophies until it is eventually converted into the 
rudimentary epithelial tube which is persistent during life. 

In the sacral region of birds, tlie central canal expands into the rhomboidal sinus, and in 
the iilum terininale of the human cord it remains relatively large. An open enlargement 
analogous to the rhomhoidal sinus of birds, although relatively smaller, has been described by 
Tiedemann in a nine-week human foetus. 

The cord is at first oblong oval in section, with an angular depression in each 
side which serves to mark off the situation of the future posterior columns and 
their corresponding grey matter from the antero-lateral region. These two parts of 
the lateral neural epiblast may be distinguished as the dorso-lateral (alar) and the 
ventro-lateral (basal) laminte ; with the former, the afferent nerve-fibres become 

fig. 67. — Bkain and spinal coed exposed fkom behind in a fcetus op 
THREE MONTHS (from Koliiker). 

h, the hemispheres ; m, the mesencephalic vesicle or corpoi'a quadrigemina ; 
c, the cerebellum ; below this are the medulla oblongata, mo, and fourth ven- 
tricle, with remains of the membrana obturatoria. The spinal cord, s, extends to 
the lower end of the sacral canal, and shows brachial and crural enlargements. 

connected, whilst from the latter the efferent fibres take origin 
(His). In the human embryo of six weeks, they are well marked 
off from one another, and their respective connections with the 
posterior and anterior nerve-roots are very distinct (fig. 66). In 
the upper part of the cord, the lateral nerve-roots (spinal accessory) 
also arise from the basal lamina. The characteristic cyhndrical 
form of the cord is only attained with the development of the 
lateral columns. The cervical and lumbar enlargements are mani- 
fest at the end of the third month. 

Up to the fourth month, the coi-d and the vertebral canal 
increase in length pari passu, but the vertebral column then 
begins to grow more rapidly than the cord, so that by the time of 
birth the coccygeal end of the cord is opposite the third lumbar 
vertebra, while in the adult its limit is the lower end of the first lumbar. Along with 
this relative shifting of the cord and its containing tube, the lower nerve-roots lose 
their regular rectangular course, and become oblique. They alone, with the 
filum terminaU, occupy the lower end of the neural canal, where they form the 
Cauda equina. 

The nerve fibres of the white columns are at first entirely non-medullated, and 
the white substance has a greyish transparent appearance. The meduUaiy sheath 
is not formed simultaneously in all parts, but appears at different times in different 
parts corresponding with the tracts of conduction ; the last of these tracts to become 
medullated are the pyramidal tracts. 

The membranes are formed fi-om mesoblast of the protovertebrse, which extends 
over and under the cord, and becomes enclosed along with that structure within 
the developing vertebral canal. The septa of connective tissue which are seen 
penetrating into the substance of the cord from the pia mater grow in from this 
mesoblast, carrying blood-vessels amongst the nervous elements. The neuroglia or 
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genei-aL sustentacular substance of both white and grey matter is probably derived 
from the spongioblasts, and is therefore, like the nerve-cells themselves, of epiblastic 
origin. 



DEVELOPMENT OF THE BBAIN. 

We have already traced the development of the cephalic part of the neural tube 
as far as the formation of the primary cerebral vesicles. These, which are at first 
three in number (fig. 40), become subdivided so as to form five in all, which may 
be termed in succession from before back, the first, second, third, fourth, and fifth 
secondary vesicles. Of these five parts the first two, which represent the cerebral and 
thalamic parts of the future brain (third ventricle), are derived from the first primary 
vesicle, and the last two, the cerebellar and bulbar parts (fourth ventricle), from the 
third primary vesicle, while the third, middle, or quadrigeminal part, represents the 
undivided second primary vesicle (Sylvian aqueduct). These relationships, as well 
as the several parts of the brain which are eventually respectively formed in connec- 
tion with the vesicles, are shown in the subjoined table. 

Anterior end of third ventricle, fora- 
mina of Monro, lateral ventri- 
cles, cerebral hcmisplieres, olfac- 
tory bulbs and tracts, corpora 
striata, corpus callosum, fornii.. 



I. Anterior primary vesi- 
cle or fore-brain 



/ First secondary vesicle 
QproseticepAaloTi) 



Second secondary vesicle 
(thalameneeplialon) 



II. Middle primary vesicle f Third secondary vesicle 
or mid-brain (. ("« 



Third ventricle, optic nerve and 
retina, optic thalami, pituitary 
and pineal bodies. 

Aqueduct of Sylvius, corpora quad- 
rigemina, crura cerebri. 



III. Posterior primary vesi- 
cle or hind-brain 



' Fourth secondary vesicle 
(ejiencephalon) 

Fifth secondary vesicle 
(metencephalon) 



Fourth ven- 
tricle 



' Cerebellum. Pons. 



. Medulla oblongata. 



The first and most striking change which occurs in the p rimary bra in is the 
outgrowth on either side of the fi rst jrimarv vesicl e of a hollow protrusion ( primarif 
optic vesicle) , which becomes developed eventually into optic nerve and retina 
(fig. 68). The changes which it undergoes in the formation of these structures will 
be considered when the development of the eye is dealt with ; suffice it for the 
present to say that the free hollow communication (optic stalk), which at first exists 
between the forebrain and optic vesicle, becomes gradually narrowed and at length 
obliterated, and that as development proceeds, the connection of the optic stalk 
becomes relatively shifted backwards, so that when the anterior part of the fore-brain 
is distinct from the posterior part, or thalamencephalon, the optic vesicle is connected 
wholly with the latter, a relationship which is maintained permanently, although 
partially obscured afterwards by the later connection which is formed between the 
optic tract and the mid-brain. Subsequently another pair of hollow outgrowths 
sprouts fr om the fore-brain , and these rapidly extend forwards, laterally and back- 
wards ; they form the vesicles of the cerebral hemisphere s. From the roof of the fore- 
brain (secon d vesic le) a"me3ian hollow protrusion grows upwar^andJorija^ds for a 
certain distance towards the vertex, and from the floor of the same vesicle another 
somewhat similar protrusion passes downaanis-an£L.hai£kffiards towards the roof of 
the mouth. The former is the rudiment of the! pineal gl^ d, the latter of the 
iufundibukin^ Which becomes involved in the formation "of thepituitary body. 

The principal parts of the brain appear as thickenings in different parts of the 
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walls of the vesicles. Thus the corpora striat a are formed in the floor of the henfli 
sphere vesicles, whilst the pri pcJE atJoass of each hemisphere is formed from thfe 
rnn f a.nd Ridp s (mantle) of those vesicles, and the ol factory lob es are hollow out- 

J-'Ty(.,*yoyjf^ _ '^^'~^ V' Pig_ 68.— Fore-part of the embryo shown in eiq. 38, 

/ , VIEWED FROM THE DORSAL SIDE. 'f. ^From KoIUker.)., 

F, fore-brain ; e, ocular vesicles ; M, mid-brain ; H, hind- 
brain ; A, part of the heart seen bulging to the right side ; 
Vom, omphalo-mesenteric or vitelline veins entering the 
heart posteriorly ; Mr, medullary canal, spinal part : 
'p, protovertebral somites. 
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CT Owths from them. The cavitie s of the hemi- 
sphere-vesicles become the late ral ventri cles, and 
the c avity of the part of the fore-brain (or first 
secondary vesicle) from which they spring, forms 
the a nterior extremity o f t.hp. t.bird ventriclp- 
The optic thalam ns is formed by a thickening 
of the l ateral wa ll of the second vesicle, the 
cavitjjaf" which comes to be the main part of 
the third ventric le ; the cor pora quadrig emina 
are thickenings in the roof, and the c rura cerebr i 
thickenings of the sides~and floor oF the third 
vesicle, which becomes the a queduct of Sy lvjus ; 
the cerebeUumandpons are respectively thick- 
enings oniieroofan3"^ooj: and the crura cere- 
belli of the sij[^ ~of the fourth vesicle "{antenor 
part of hind-brain), the cavity of which becomes 
the anterior (superior) part of the fourth ven- 
tricle ; and finally, the medulla oblongat a is 
developed as a thickening of the wall of the 
fifth vesicle, the cavity of which expands from 

the central canal of the spinal cord to form the calamus scriptorius of the fourth 

ventricle. 

On the other hand, certain parts of the walls of the vesicles become thin and 

greatly expanded, and even eventually project into the cavities as folds of epithelium 

Fig. 69. — Outline of a lonsitcdinal 

SECTION THROUGH THE BRAIN OF A 

CHICK OF TEN DATS (after Mihalkovics). 

}i, cerebral hemisphere ; olf, olfactory lobe 
and nerve ; it, corpus striatum ; Iv, lateral 
ventricle : ac, anterior commissure ; It, lamina 
terminalis ; ope. optic commissure ; pit, pitui- 
tary gland ; in/, infundibulum ; cai, internal 
carotid artery ; x^, third ventiicle ; ch?, cho- 
roid plexus of third ventricle ; "pin, pineal 
gland ; hg, corpora bigemina ; amv, anterior 
medullary velum ; below which two last 
references are the aqueduct of Sylvius and 
crura cerebri ; cbl, cerebellum ; ir*, fourth 

ventricle ; ha, basilar artery : ps, pons Varolii ; cV, choroid plexus of the fourth ventricle ; dbl, medulla 

oblongata ; r, roof of fourth ventricle. 

covering ramified vascular expansions of pia mater (choroid plexuses). These 
vascular expansions occur along the lower border of the mesial surface of each 
hemisphere-vesicle (choroid plexuses of lateral ventricles) ; along the roof of the 
second vesicle (choroid plexus of third ventricle), and in the roof of the fifth vesicle 
(choroid plexus of fourth ventricle). 
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While these changes are going on in its walls the embryonic brain does not 
remain straight as at first, with its axis in a line with that of the spinal cord, but 
undergoes certain flexures (fig. 70), the general result of which is to bend the 
anterior end towards the ventral surface. The first of these flexures to make 
its appearance is a sharp bend opposite the base of the mid-brain and around the ante- 
rior end of the notochord. The result of this flexure, which produces a complete 
doubling round of the anterior part of the brain, is that the mid-brain is for a time 
the most prominent part of the encephalon. Later, the growth of the cerebral 
vesicles, and of the thalamencephalon, brings these parts again into prominence, and 
tends to obscure the flexure, which is, however, never actually obliterated. The second 
cerebral flexure, which is also very sharp and well marked, occurs in the region of 
the hind-brain Cpons Varolii). It is in the opposite direction to the first one, its 
concavity being directed towards the dorsum of the embryo, and it produces the 
appearance of a deep depression at the part of the brain where it occurs. The third 
flexure is a more gradual one. It occurs at the junction of the hind-brain with the 
cord, the embryonic medulla oblongata being bent ventralwards from the line of 
direction of the medulla spinalis. 

The result of these flexures is that the axis of the embryonic brain takes a crook- 
shape, passing from the end of the spinal axis at first ventral, then dorsal, and then 
again ventral, finally bending sharply backwards towards its termination at the 
foramen of Monro. 

The second and third flexures become eventually almost entirely obliterated with 
the further growth of the brain. 



FUBTHBB DETAILS BEaABDINd THE DEVBIiOPMENT OF SPEOIAIi PABTS OF 

XHS BBAIN. 

The fifth cerebral vesicle: bulbar vesicle, or metencephalon. — This 
part of the embryonic brain, afterwards to become the medulla oblongata, often 
shows at its first appearance — especially in the chick — a series of slight constrictions 
(fig. 68), which have by some been taken to indicate a segmentation of the neural tube. 
But even where they occur they are quite temporary, and the fifth vesicle soon becomes 
a well marked dilatation opening out from the anterior end of the embryonic spinal 
cord. Its wall, hke that of aU the other cerebral vesicles, is composed of cells 
similar to those of the rest of the neural tube, and the histogenetic changes which 
occur to form the nervous tissue are also entirely similar. ^ 

Sections across this part of the neural tube are of a compressed oval outhne in 
the lower part (fig. 71, A, b), but in the upper part, which afterVards becomes the 
lower part of the fourth ventricle, the thinning out and lateral expansion of the 
dorsal wall of the tube gives to sections of this and the next (fourth) vesicle the 
shape of an irregular triangle, or shield, the base of the triangle being directed 
towards the dorsum (roof) and the sides bent more or less sharply inwards about 
their middle to unite with one another ventrally at the apex of the triangle (figs. 
72, 73). This bend serves to mark a division of each side of the tube into 
two parts, a dorso-lateral and a tentro-lateral, which correspond, both in their 
situation and in their relationship to afferent and efferent nerves, with the alar 
and basal lamina of the embryonic cord\p. 60), with which they are in fact 
continuouB. The thinning out and lateral expansion of the roof in the region 
of the fourth ventricle tends to open up the angle which the ventral laminEe 
foiTO with one another, and to throw the dorsal laminae more to the side, so that 
what were previously the lateral boundaries of the neural tube come to occupy the 
go-oalled floor of the fourth ventricle, and since in this region the roof becomes 
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Fig. 70. — Profile views op the brain of human embryos at three several stages, 

KECONSTRDOTED FROM SECTIONS (His). 

A. Brain of an emtiiyo of about 15 days (the embryo itself is shown in fig. 117) magnified 35 
diameters. 

B. Brain of an embryo about three and a half weeks old. The optic vesicle has been cut away. 

C. Brain of an embryo about seven and a half weeks old. The optic stalk is cut through. 

A, optic vesicle ; H, vesicle of cerebral hemisphere, first secondary vesicle ; Z, thalamencephalon, 
second secondary vesicle ; M, mid-brain ; /, isthmus between mid- and hind-brain ; HK, fourth 
secondary vesicle ; N, fifth secondary vesicle ; ff6, otic vesicle ; Ef, fourth ventricle ; NTc, neck 
curvature ; Br, pons curvature ; Pm, mammilary process ; Tr, infundibulum ; Hp (in B), outline of 
hypophysis-fold of buccal epiblast ; B.I, olfactory lobe. In C the basilar artery is represented along its 
whole course. 
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reduced to a thin layer of flattened epithelium, the substance of this part of the 
medulla oblongata is whoUy formed by a thickening of the shifted lateral boundaries. 
In these, the bend marking the distinction between the ventral and dorsal laminae — 
now by change of position mesial and external — continues to be evident, and is in 
fact recognizable even in sections of the fully-developed brain. 

Of the longitudinal columns of the medulla oblongata the restif orm bodies first become 
prominent (third month in the human embryo). The (anterior) pyramids are obvious in the fifth 
month, and the olivary tubercle about the sixth. But before any of these, and indeed with 






Fig. 71. — SeOTIOSS across the EEGION of the OALAMUS SORIPTOKIUS of the BR4IN EEPRESEHTBD 

IS j?iG. 70, A. (His.) 

A, region of the glossopharyngeal ganglion. 

B, of the auditory-facial ganglion. 

Fig. 72. — SECTIOIfS ACROSS THE FOURTH VENTRICLE OP 

A, section taken through the lower part. 

B, across the widest part (trigeminus region). 

C, through upper part (cerebellar region), 
r, roof of neural canal : al, alar lamina ; hi, basal lamina ; 



A SOMEWHAT OLDER EMBRYO (His.) 



V, ventral border. 



Fig. 73.— Sections across the lower half of the fourth ventricle of a still older embryo, 

SH0WIN8 GRADUAL OPENING OUT OF THE HEURAL CANAL AND THE COMMENCING FOLDING OVER OF 
THE ALAR LAMINA (at/). 

V, ventral border ; t, tsenia ; ot, otic vesicle ; rl, recessns labyrinthi. , . ; , ^ , 

In the succeeding stage (not here represented) the angle at v has almost disappeared, the fold / has 

extended over the alar lamina, and the two thickened halves are in the same horizontal plane, covered 

by a greatly expanded and thinned out roof. 

VOL. I. ^ 
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the earliest appearance of the nerve roots, the white bundles — not yet meduUated, how- 
ever — which are known as the ascending root of the fifth, and the ascending root of the vagus 
and glossopharyngeal (solitary bundle) begin to make their appearance, both being at first on 
the surface of the medulla. They gradually, however, become covered in by a folding over of 
the dorsal part of the alar lamina, and thus come later to lie imbedded in the substance of 
each lateral half of the medulla. This fold is shown in its commencement in fig. 7.B, A and 
B, /. According to His the bundles grow downwards towards the spinal cord from the places 
of entrance of the corresponding nerve roots, emerging from the ganglia, as in the case of the 
posterior spinal roots ; and after entering the medulla grow gradually along the course of the 
future so-called ascending roots, so that the latter are at first visible only in sections taken 
near the places of entrance of the nerve roots into the medulla. 

The fourth, cerebral vesicle : cerebellar vesicle, or epeucephalon. — The 

constriction, which is at first obvious between this and the fifth vesicle, does not 
long persist, so that the two together form a long boat-shaped cavity which becomes 

Fig. 74. —Median section through 

THE BBAIN OF A TWO AND A 
HALF MONTHS FtETUS. (His.) 

Magnified 5 diameters. 

The mesial surface of the left 
cerebral hemisphere is seen in the 
upper and right hand part of the 
figure ; the large cavity of the third 
ventricle is bounded above and in 
front by a thin lamina ; belovr is seen 
the infundibulum and pituitary body. 
Filling the upper part of the cavity 
is the thalamus opticus ; in front and 
below this is the slit-like foramen of 
Monro. Behind the thalamus is seen 
another slit-like opening which leads 
into the still hollow external geni- 
culate body, 

olf, olfactory lobe ; p, pituitary 
body ; c q., corpora quadrigemina ; 
ch, cerebellum ; iti.o., medulla ob- 
longata. 

the fourth ventricle. As in 
that part of this cavity which 
has already been described with the fifth vesicle, the roof inferiorly becomes greatly 
thinned and expanded. Superiorly the tube becomes gradually more contracted and 
the roof thicker, this thickening being the rudiment of the cerebellum and of the 
valve of Vieiissens (fig. 74). In the meanwhile a considerable thickening of the 
lateral boundaries, which, as in the medulla oblongata, have been thrown outwards 
by the roof expansion, occurs, and from this the substance of the pons is gradually 
formed. 

The dorsal and ventral laminse of the lateral walls are still evident in this part of 
the embryonic brain. With the former, the sensory fibres of the fifth nerve are 
immediately connected ; with the latter, the motor fibres of the fifth and also the 
sixth and seventh nerves. 

In the human embryo the cerebellum is seen as early as the second month, 
forming a thin plate arching over the anterior part of this vesicle (fig. 74). From 
this plate, which enlarges only gradually, is formed the middle lobe ; later the lateral 
lobes grow out at the sides. The cerebellar surface is at first smooth, but a sub- 
division into the subordinate lobes occurs in the fifbh month, and the folia appear 
about the sixth. In the seventh month all the parts of the organ, except the 
amygdalae, are formed. 

Of the cerebellar peduncles, the inferior appear in the third month, the middle in 
the fourth, and the superior in the fifth. The transverse fibres of the "pons develop 
pari passu with the lateral lobes, appearing about the fourth month. 
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The third cereliral vesicle : mesencephalon: mid-brain. — In this region 
no expansion of the vesicle with thinning of the roof occurs, as in the others, but, on 
the contrary, the roof undergoes considerable thickening (fig. 74). About the third 
month, this thickening becomes separated into two by a median groove. These cor- 
lespond with the corpora bigemina of lower vertebrates ; it is only in mammals that 
they become further subdivided by a transverse furrow. This appears in man about 
the fifth month, and the eminences, which are at first large in proportion to the size 

Pig. 75. — FCETAL BRAIN OF THE 
THIRD MONTH. (His.) 



The brain is represented in 
profile, but the external wall of 
the right hemisphere has been 
removed to show the interior o£ 
the lateral ventricle with the cor- 
pus striatum curving round the 
bend of the fossa of Sylvius. The 
carved projections above the cor- 
pus striatum are iiifoldings of the 
mesial wall of the hemisphere 
vesicle. The lettering as in fig. 74. 

■of the brain, thus become 
the corpora quadrigemina. 

The fibres of the third 
nerve originate in the ven- 
tral lamina of this part of 
the neural tube: the teg- 
■mentum and crusta become m.o. 
formed as thickenings along 
the same lamina : the vesi- 
cle itself becomes the aque- 
duct of Sylvius. 

In the constriction between the third and fourth vesicles {isthmus of His) the 
fourth nerve takes origin in the ventral plate of the neural tube. 

The second cerebral vesicle (thalamencephalou). — It is from this part 
■of the neural tube that the primary optic vesicles are developed in the earliest 
period, and they are for some time in free communication with its cavity along the 
Iiollow optic stalks. But with the formation of the optic nerves and optic tracts, 
the stalks become solid, and are, moreover, connected posteriorly with the mid-brain 
by a prolongation backwards of the tracts. The optic thalamus of each side is 
formed by a thickening of the lateral wall of the vesicle (figs. 74, 78). The interval 
between the thalami forms the cavity of the third ventricle. Across it the grey 
commissure subsequently stretches. The floor becomes prolonged downwards into 
the infundibulum, and takes part in the formation of the pituitary body (figs. 69, 74). 
The roof, on the other hand, becomes like that of the fifth vesicle, thin and expanded, 
and remains as a single layer of flat epithelium cells inflected into the ventricle and 
subsequently occupied by vascular growths of pia mater (choroid plexus of third 
ventricle, fig. 69, ch^). But at the posterior part of the roof there is a transverse 
thickening to form the posterior commissure, and in front of this the roof grows 
upwards and forwards, but subsequently backwards (in man) as a hollow median 
process to form the pineal gland (epiphysis cerebri). The median process soon takes 
on a tubular shape (fig. 69, pin), and, after a time, becomes branched, and forms a 
number of tubular follicles lined by ciliated epithelium, and invested by vascular pia 
mater. These follicles tend, in man and mammals, as development proceeds, to 
become solid and occupied by calcareous deposit. But in some reptiles the pineal 
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tube remains single, and appears as the long stalk — partly hollow, and partly solid 
— of a rudimentary median or parietal eye, which occupies an aperture in the middle 
line of the skull (de Graaf, Baldwin Spencer). The pituitary body (hypophysis 
cerebri) is chiefly formed by a diverticulum of the buccal epiblast (diverticulum of 
Eathke) which grows upwards towards the base of the second cerebral vesicle, and 
dilates into a flask-shaped expansion which is at first simple, but subsequently grows 
out to form a small mass of epithelial tubes, the lumen of which becomes eventually 
obliterated. Against the posterior wall of this flask-shaped dilatation the infun- 
dibulum grows down from the floor of the second vesicle, and its extremity becomes 





Fig. 76.- 



-Mediah sagittal section op the head in early embktos op the kabbit. 
(From Mihalkovics. ) 



A. From an embryo five millimetres long, 

B. From an embryo six millimetres long. 

In A, the f aucial opening is still closed ; in B, the septum is perforated at / ; c, anterior cerebral 
vesicle ; mc, mesencephalon ; mo, medulla oblongata ; m, medullary epiblast ; )/ (in B), infundibulum ; 
spe, spheno-ethmoidal, 6c, sphenoidal, and ipo, spheno-occipital parts of the basis cranii ; i, foregut ; 
ch, notochord ; py, buccal pituitary involution ; am, amnion : h, heart. 

Fig. 77. — Median saoittal section op the infundibulum and pituitaet diverticulum in a 

RABBIT EMBRrO, AFTER THE OPENING OP THE FAUCES. (From MihalkovicS. ) 

he, basis cranii with basilar artery ; if, infundibulum ; tha, floor of thalamencephalon ; py, pituitary 
diverticulum, now closed ; p', stalk of original communication with the mouth ; ph, pharynx ; 
ch, notochord in the spheno-occipital part of the cranial basis. 

intimately connected with the dilatation, but without communicating with its 
cavity, although bound up together by the same vascular connective tissue. In 
connection with this extension of the infundibulum, nerve cells and fibres become 
formed ; in lower vertebrates they persist and retain their connection with the 
brain. The notochord extends in the basis cranii as far as the pituitary body. Just 
before reaching this, it bends ventralwards towards Eathke's diverticulum, and here 
blends with the buccal epiblast (Bonnet). 

Dohm has shown that in Petromyzon the hypophysis developes as a separate median 
diverticulum of the external epiblast which is formed between the nasal pit in front and the 
buccal invagination (stomodseum) behind, and grows straight backwards as a canal of some 
length towards the point of the notochord, where follicles develope from it and become con- 
nected with the infundibulum. Later, its orifice is found to open in common with that of the 
nasal pit. 

The first cerebral vesicle : prosencephalon. — This is Bepresented by the 
common point at the front of the third ventricle, whence the hemisphere vesicles 
diverge through the foramina of Monro, and by these vesicles themselves. The 
original vesicle is therefore relatively small, although its lateral outgrowths form by 
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far the largest portion of the brain in higher vertebrates. The corpora striata 
appear as thickenings of the floor of thn hemisphere vesicles, and outside them the 
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Pig. 78. — Thbeb secti'ous through the poke-beaiit of a four and a half weeks embkto. (His.) 

A. Through the lower anterior part of the fore-brain ; S, falx : Sf. fold of roof passing below falx 
towards the third ventricle ; JBf, fold forming the sulcus ammonis ; v.Rl, h.ML, anterior and posterior 
parts of olfacix)ry lobe ; Cs, corpus striatum ; 0. W, groove continuous with optic stalk ; P.s, pars 
£nbthalamica ; T.c, tuber cinereum. 

B. Section a little further back. Sf is replaced by a less proininent but broader fold of thereof, 
Ad, which subsequently receives the choroidal vessels, and is therefore the choroidal fold • Hs 
hemisphere vesicle ; Th, thalamus ; S.M, sulcus of Monro, below and behind the thalamus. 

C. Still further back ; Ad, choroidal fold here projecting into lateral ventricles, but still free from 
mesoblast and bloodvessels ; Ma, mammillary tubercle. The other lettering as before. 
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grey and white matter of the island of Keil becomes differentiated. The rest of the 
wall of the hemisphere vesicle (mantle of Eeichert), although remaining for a time 
thinner than the floor, eventually thickens to form the whole of the grey and white 
matter of the hemisphere, except along the line where the mesoblast, which is to 
form the choroid plexus of the lateral ventricle, passes into the choroidal fold of the 
neural epiblast, which becomes thinned out over the invading mesoblast and con- 
verted into the epithelial covering of the plexus. 

The growth of the hemispheres takes place gradually. They extend at first some- 
what forwards and upwards, separated by a thin layer of mesoblast which forms the 



Fig. 79. — Tkansvbese seotiohs 

THROUGH THE BKAIlf OP A 

sheep's embkto of 2 '7 CM. IK 
LENGTH. (From KoUiker. ) 

In A the section passes through 
the foramina of Monro, in B through 
the third and lateral ventricles some- 
what further back, st, corpus stria- 
tum ; tk, optic thalamus ; t, third 
ventricle ; c, d, rudiment of internal 
capsule and corona radiata ; I, lateral 
ventricle with choroid plexus, pi ; 
h, hippocampus major; /, primitive 
falx ; a, orbito-sphenoid ; sa, pre- 
sphenoid : p, pharynx ; cK, chiasma \ 
o, optic nerve ; m, m, foramina of 
Monro ; to, optic tract ; mi, Meckel's 
caitilage, 

falx, but soon begin to pass 
progressively backwards, so 
that by the end of the third 
month they have covered the 
region of the optic thalami, by 
the fourth month they have 
reached the corpora quadri- 
geraina, an4 by the sixth they 
cover not only the corpora 
quadrigemina, but also a great 
part of the cerebellum, pro- 
jecting even beyond this by 
the end of the seventh month. 
In front, and for some dis- 
tance backward over the roof 
of the third ventricle, where 
the vesicles are not separated 
by the falx, their mesial sur- 
faces come into contact, and, 
during the third month, partly 
grow together, but in such a 
manner as to leave anteriorly 
just in front of the third 
ventricle, a triangular are£ 
free in the middle, but completely surrounded at its periphery by the united parts. 
Thus is formed the cavity which is known as the flfth ventricle or ventricle of the 
septum lucidum, which at no time has any communication with the vesicles of the 
cerebral hemispheres, nor with any other of the cerebral vesicles. 
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The commissures of the cerebral hemispheres are also formed in the united portion 
of the mesial walls of the vesicles ; the anterior is the earliest to appear, thus 
coinciding with the early appearance of the corpora striata, which it unites in front. 
The anterior part of the fornix, with its pillars, and the corpus albicans (which is 
at first single and median) are next formed, followed at a later period by the 
posterior pillars, which are seen running backwards on each side into the comu 
anunonis as soon as this structure becomes distinct. The corpus callosum is the 
last of the commissures to be formed. Its anterior part appears first, but as the 
hemispheres extend backwards the formation of the commissure accompanies the 
backward extension. 

The olfactory 101)68 are formed as hollow outgrowths from the lower and 
lateral parts of the hemisphere vesicles (figs. 70, 74). In man they soon show a 
division into two parts, an anterior and posterior ; of which the latter remains in 
close connection with the hemisphere vesicle, while the anterior grows out towards 





Fig. 80. — The sueface op the P(Etal brain at six months. (R. Wagner.) 

This figure shows the formation of the principal fissures. A, from above ; B, from the left side. 
F, frontal lobe ; P, parietal ; 0, occipital ; T, temporal ; a, a, a, slight appearance of sulci in the 
frontal lobe ; s, Sylvian fissure ; «', its anterior division ; within it, 0, the central lobe ; r, Bolandic 
sulcus ; p, parieto-oocipital fissure. 

Fig. 81. — View op the inner surface of the 

RIGHT half op THE FCETAIi BRAIN OF ABOUT 

SIX MosTHS. (Reichert.) 

F, frontal lobe ; P, parietal ; 0, occipital ; 
T, temporal ; /, olfactory bulb ; II, optic 
nerve ; fp, calloso-marginal fissure ; p,p', parts 
of the parieto-occipital fissure ; h, calcarine 
fissure ; g, g, gyrus fornicatus ; c, c, corpus 
callosum ; s, septum lucidum ; /, placed be- 
tween the middle commissure and the foramen 
of Monro ; v, in the upper part of the third 
ventricle ; ii, in the back part of the third 
ventricle ; il', in the lower part of the third 
ventricle above the infundibulum ; r, recessus 
pinealis ; pv, pons Varolii ; 6'e, cerebellum. 

the olfactory area of the external epiblast. After the first month these lobes are 
relatively small in size and their cavities become gradually obliterated, but in some 
animals, as in the horse, they are large, and their cavities are permanently in 
communication with the anterior cornua of the lateral ventricles. Their farther 
development is given subsequently (p. 79). 

Formation of the fissures and convolutions. ^- The enlargement of the 
cranium does not always keep pace with the growth in extent of the walls of the 
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hemisphere vesicles, so that it happens that the former are thrown into folds 
separated by sulci, and the surface loses its smooth appearance. Such relatively 
rapid growth occurs during the second and third month in the human embryo, 
resulting in the production of a number of infoldings of the surface, which are 
mostly transverse to the (bent) axis of the brain, although one or two on the mesial 
surface run parallel to that axis. These infoldings of the surface, which may be 
termed temporary or primitive sulci, necessarily have a corresponding projection into 
the cavity of the thin- walled hemisphere vesicle (fig. 75). During the fourth month, 
probably owing to a relatively more rapid expansion of the cranium, most of these 
primitive sulci become obliterated, and the cerebral surface is again almost smooth. 
Three, however, of the primitive sulci remain as permanent fissures of the brain,i 
and since the fissure of Sylvius is also now formed, although in a somewhat different 
manner, the hemisphere of the human foetus at the beginning of the fifth month is 
marked by four well characterised sulci having corresponding projections into the 
interior of its cavity. These permanent primitive sulci are the following : — 

1. I'he hippocampal sulcus, corresponding with the projection of the cornu 
ammonis (hippocampus) into the lateral ventricle. 

B 

Ho. 




pew. occ. 



Fig. 82. — FffiTAL BKAIN OP THE BEGINNING OF THE EIGHTH MONTH. (Mihalkovics. ) 

A., from aboTe ; B., from the side ; C, mesial surface. 
Ro, Rolandic sulcus : Sy, Sylvian fissure ; par. occ, parieto-occipital ; calc, calcarine ; pr.c, preoentral-, 
pU, parallel ; int.par, intraparietal ; call.mar, caJloso-marginal ; unc, uncus. 

2. The parieto-occipital sulcus, corresponding with the bend of the posterior 
cornu of that ventricle. 

3. The calcarine sulcus, corresponding with the projection of the calcar avis. 

4. The Sylvian fissure, corresponding with the curve of the lateral ventricle. 

To these may be reckoned the longitudinal infolding of the mesial waU of the 

' It is, however, nncertain -whether the temporary sulci develope into or whether they are replaced 
by corresponding permanent sulci. See on this subject u, paper by D. J. Cunningham in the Journal of 
Anatomy, April, 1890. 
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faemisphere just below the hippocampal sulcus, which is caused by the ingrowth of 
the choroid plexus of the lateral ventricle. 

According to Eoker. the fissure of Sylvius is tlie first of the primitive sulci to appear. It is 
visible before the end of the third month, as a wide, shallow depression, which divides the lower 
margin of the hemisphere into two nearly equal portions, and at the bottom of which is seen 
the thickening of the floor of the vesicle from which the corpus striatum and the island of 
Eeil are developed. This fissure appears to be formed by a curving of the still thin-walled 
hemisphere vesicle over that thickening, around which the vesicle bends ; and its anterior and 
posterior parts ultimately meet along the line which marks the posterior limb of the 
Sylvian fissure in the developed brain. The anterior limb is produced much later by a further 
folding over of that part of the mantle which is in front of the fossa Sylvii. The fissure 
remains until nearly the end of foetal life as a widely open depression, at the bottom of 
which the island of Keil is readily visible. It closes gradually from behind forwards. 

The other sulci are distinguished from the four above-numerated in the fact that 
they are depressions of the surface merely, and not infoldings of the whole thickness 
of the wall of the hemisphere vesicle.^ They begin to appear about the end of the 
fifth month, the fissure of Eolando being the first to show (figs. 80 and 81). 

By the end of the sixth month the precentral and inferior frontal sulci, the 
intraparietal, the superior occipital, the parallel, the inferior temporal, the calloso- 
marginal, and the collateral fissures have become visible, as well as the anterior 
limb of the Sylvian fissure. 

By the end of the seventh month (see fig. 82) most of the remaining principal 
convolutions and fissures have appeared, and those which were previously present 
have increased both in length and depth. They are, however, all comparatively 
short and simple. During the eighth month, they continue to increase in length 
and depth, and the remaining sulci become gradually developed, but even in the 
ninth month there are none of the accessory or secondary furrows which add so much 
to the complexity of the developed brain. The last of the principal sulci to make 
their appearance are the inferior occipito-temporal. 

DEVELOPMENT OF THE NERVES. 

Spinal nerves. — At an earlv period of development, in some cases even bjjfnre 
the closure of th e neural groo ve, in others durin g or short]j_after that event, there 

Fig. 83. — Teahsvbkse section thbodgh the irdkk of an embkto 

SHAKE, TO SHOW THE HEUBAL CREST. (halfour.) 

nc, neural canal ; jir, ganglion nidiment running from neural 
crest ; x, sub-notochordal rod ; ao, aorta ; sc, parietal mesoblast ; sp, 
visceral mesoblast ; mp, muscle plate ; mp', portion of muscle plate 
converted into muscle ; Vv, portion of protovertebra which ■will give 
rise to the vertebra ; al, alimentary canaL 

grows out b ilate rally fr,oitt the angle_ of junction of the 

neural with the genera l epiblast (fig. 89), and conse- 

qiiently at the dorsal aspect of the neural tube a 

continu ous ridge or crest of epiblast, which was first de- 

scribed'by Balfour in elasmobranch fishes : this is termed 

the neural cres t. At intervals along the sides of the 

neural crest, corresponding with the middle of each 

mesoblastic somite or protovertebra, special clavate 

enlargments oroutgrowths of the neural crest occur 

r^fig'. S3rOTrr~ThRse ^ow downwar ds along the dorso-lateral aspect of the neural canal, 

between the protovertebra and the canal. They remain for a time attached above 

' An exception must, however, be made for the collateral fissure, which corresponds with the col- 
lateral eminence within the ventricje. 
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to the dorsal aspect of the neural tube, but that attacjjpieiit becomes subsequentlj 
jggi, and they then form completely isolated portions of epiblast, composed of oval 
cells, and lying at the side of the embryonic cord between it and the muscle plates 
of the protovertebrae (fig. 84). These are the r udimen ts of the p osterior-ro ot 
gangl ia. The remainder of the neural crest disappears : at least in most verteferata, 
^ebme little time after the separation of these ganglion-rudiments, the ventral or 
anterior roots of the spinal nerves begin to grow out from the ventro-lateral aspect of 
the neural tube. They were originally described by Balfour in elasmobranchs, as 
forming bud-like outgrowths from the neural epiblast, the outgrowths being com- 
posed of spindle-shaped cells (fig. 84, ar). But according to the recent and extended 





Fig. 84. — Section theotjgh the dorsal part of the trunk op a tobpebo embryo. (Balfour.) 

pr, g, „, spinal ganglion rudiment ; ar, anterior root ; ch, notochord ; nc, neural canal ; mp, muscle- 
plate. 

Fig. 85. — Section op the tektro-lateral angle op the spinal cord op a pristiukus EMBRra 

SHOWING THE OUTGROWTH OP AN ANTEKIOE ROOT- RUDIMENT. (His.) 

a.r, axis cylinder processes of neuroblasts, foiming the anterior root ; g, germinal cells in innermost 
part of wall of neural canal. 

observations of His in various classes of vertebrates, what actually grow out to form 
the anterior roots, are the fibrous prolongations ( axis-cvlinder m oceRSRs'l o f neuro - 
bksts {v. antea, p. 58), which processes converge to the point of exit of the root 
and penetrate gradually into the adjoining mesoblast (fig. 85, a. r), where they 
come into close contact with the previously formed ganglion rudiments of the pos- 
terior roots.i 

The fibres of the T)0_sterior roots are developed, according to His, as processes 
frfim the nva,l np,11s of ijPff ,(Ta,n.crUnTi riiHirnPTif. These cells are in fact neuroblasts, 
and from either eijd of each cell, which is thus rendered bipolar (fig. 86), a process 
becoming eventually the axis-oyiJTider of a nerve-fibre grows out, o ne towar ds the 
central org an, the otherJxiwarHR f.|ifl ppT-ipViPTy The centra lly directed processes 
soon reach and gr ow intoTEe embi-yonic cord at its dorsolateral aspect, where they 
are presently seen in sections occupying an oval area near the peripheiy of the cord ; 

1 Ihe place at which the anterior roots spring from the cord is not opposite to the corresponding 
posterior root, but midway between that root and the succeeding one. 
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this area is the beginning of the posterior white column (fig. 87) : the further course 
and attachments of the ingrowing fibres in the cord are not accurately known, but 
they appear to bifurcate and extend both upwards and downwards (Eamon y Cajal). 
The per ipherally H^rpp.fprl fihrPR g row downw ards and j nin th e bundle of fibres of the 
an terior root, to form together with them the ttiiyij'^I spinal nerve^ Xfig. 88). 

The axis-cylinder processes which are to form the fibjes of the an terior ro ots 





Fig. 86. — Bipolar cell from spinal gakglion op a 4^ weeks embryo. (His.) 'w 

Fig. 87.— Section of spixal cord op pour -weeks human embryo. (His.) 

The posterior roots are continiied within the cord into a small longitudinal bundle which is the 
rudiment of the posterior white column. The anterior roots are formed by the convergence of the 
processes of the neuroblasts. The latter, along with the elongated cells of the myelospongium compose 
the grey matter. The external layer of the cord is traversed by radiating fibres which are the outer ends 
of the spongioblasts. The anterior commissure is beginning to appear. 

begin to make their appeara nce about the beginning of the fourth wee k in the human 
embryo (His). Their ^owth towards the periphery is ^low ; even by the end 
of the second month they have not reached the tips of the fingers and toes. 

Cranial nerves. — The neural crest is co ntinu ous along the dorsal aspect of the 
cerebral part of the neural tube as far^jis^^and eve n beyond the mid-bra in.- As in 
the spinal part, clavaie eT)lar,o-p.Tnpnt-,s occur herealso, ' but atsome what iiaag«lar 
intervals, and form ganglion rudiments which become se£ai£tted from the dorsal aspect 
of the tube, and acquire a new attach ment on the l ateral and ven tral aspect. Such 
ganglion rudiments have been described for the third, fifth, seventh, eighth, ninth, 
and tc^th nerves. 

In the chick the ganglion rudiments belonging to the cranial nerves appear as a 
thickening of the cephalic epiblast, just where it is folding round into the as yet 
unclosed neural canal (fig. 89, vg). This thickening, according to Golowine, is 
continuous laterally with a m.odified portion of the external epiblast (sensory 
epiblast), and soon becomes subdivided into three ganglionic groups, and these, later, 
into separate ganglions. There is a corresponding subdivision of the sensory 
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epiblast into rudiments of special sense organs, which become gradually shifted 
downwards and outwards away from the ganglion rudiments, and form the so-called 







Fig. 88. 



-Tkanstbrse section thkouoh the anterior part of the tkuhk op an embryo of 
ScrLHUM. (Balfour. ) 



sp.c, spinal cord ; spy, ganglion of posterior root ; ar, anterior root; cln, dorsal ; sp.n, rentral 
branch of spinal nerve ; mp, muscle plate ; mp', part of muscle plate already converted into muscle ; 
mj). I, part of muscle plate extending into the limb ; nl, nervus lateralis ; ao. aorta ; ch, notochord ; 
sv.g, sympathetic ganglion ; ca. v, cardinal vein ; sd, segmental duct ; st, segmental tube ; c'u, duode- 
num ; hp.d, junction of hepatic duct with it ; pan, rudiment of pancieas connected with another part 
of duodenum ; umc, opening of umbilical canal (vitelline duct). 



" branchial sense-organs " of Beard. They become connected subsequently with 
outgrowths from the posterior nerve-rudiments. 

These rudimentary sense organs have been described in mammals also (by Froriep). They 
appear to represent the special sense organs of the gill clefts of fishes, which were first de- 
scribed by Leydig (1850). Beard is of opinion that the iiose and ear are also specialised 
branchial sense organs, the only ones that are persistent in higher vertebrates. This 
differentiation of a special sensory portion of epiblast into rudiments of special sense- 
organs, occurs according to Golowine's observations in the chick, not only in the head but also 
in the trunk, where they in all probability represent rudiments of " organs of the lateral Une," 
such as are seen in fishes. 

Various observers have described the ganglion rudiments as actually becoming formed at 
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least in part at the expense of the sensory epiblastio thickenings. In connection with this 
question it is worthy of note that from the sensory thickening- which forms the olfactory area 
a gangUouic rudiment becomes formed which joins the olfactory lobe of the brain, and gives 
origin to the olfactory nerve-fibres (His). 

Even in the adult, as was shown by Thomson, traces of pre-existent ganglionic structure 
can be found in the root of the third nerve, and similar traces of ganglionic structure have 



Fig. 89. — Tkansvekse seotiox 

THROUSH THE POSTDRIOK 
PART OF THE HEAD OF AN 
EMBRYO CHICK OF 30 HOURS. 

(From Balfour.) 

Kb, hind-brain ; vg, vagus 
nerve ; ep, epiplast ; ck, noto 
chord ; x, sub-notochordal rod 
aX, throat ; ht, heart ; pp, body' 
cavity; so, parietal mesoblaat 
sf, visceral mesoblast ; hy, hypo 
blast. 



also been described by Gaskell 
in the roots of the fourth 
nerve, in the motor root of the 
fifth, and in the root of the 
seventh nerve. If these, as 
Gaskell supposes, indicate the 
pre-existence of sensory ele- 
ments in the roots, it is pro- 
bable that these nerves and 
ganglia have all been origi- 
nally developed like the posterior gangliated roots of the spinal nerves, as outgrowths from 
the neural crest. Whether they are joined by outgrowths corresponding to the efferent fibres, 
of the spinal nerves, or whether they originally contain the elements of the efferent fibreSj 
and thus resemble the spinal nerves of Amphioxus, in which there are no anterior roots, 
but both sensory and motor nerves are contained in the posterior roots, is not at present 
known. What is however clear is that the ganglion cells and afferent fibres in the roots of 
the third, fourth, motor of fifth and seventh nerves, eventually entirely disappear, the efferent 
fibres alone remaining, while in the roots of the sixth, eleventh, and twelfth nerves efferent 
fibres only are found, and ganglionic rudiments are not developed at all. 

As is shown in another part of this work (Neurology) the nuclei of origin of the efferent 
cranial nerves are disposed in two longitudinal series. One of these series comprises the nuclei 
of origin of the somatic efferent nerves of Gaskell, which coiTespond with the largest fibres 
of a typical anterior spinal root, and the series of nuclei is a continuation of the cell-column 
of the anterior horn ; the nuclei of this series are those of the hypoglossal, or twelfth, the 
sixth, fourth, and third. The other series comprises the nuclei of origin of the splanchnic 
efferent nerves of Gaskell, which correspond with the medium-sized and smallest fibres of a 
typical anterior spinal root, and the series is a continuation mainly of the cells of the lateral 
comu or intermediolateral tract, and partly, perhaps, of the cells of the base of the posterior 
horn ; the nuclei of this series are those of the spinal accessory, those of the efferent fibres 
of the vagus and glosso-pharyngeal, the facial, and the motor nucleus of the fifth. 




According to the observations of His, the distinction into an anterior or ventral 
(somatic) and a lateral (splanchnic) group of efferent fibres is well marked in the 
embryo by the fact that the two kinds of efferent fibres take origin from entirely 
different parts of the basal lamina of the neural tube, those which correspond with 
the somatic efferent fibres originating from groups of neuroblasts near the middle 
line, while the others take their rise near the junction of the basal with the alar 
lamina (see fig. 90). "With the alar lamina itself the afferent fibres are con- 
nected, but they do not arise from groups of cells within it, as do the efferent fibres 
within the basal lamina : on the contrary, they effect their connection with the lamina 
by growing into it from a ganglion in the manner already described for the posterior 
roots of the spinal nerves, and they then appear in most cases to grow downwards 
in the direction of the spinal cord. This is stated by His to be the case with the 
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sensory root of the trigeminus, which thus forms the white bundle known as the 
ascending root of the fifth, but which in its actual growth is descending ; and also 
with the afferent fibres of the glosso-pharyngeal and vagus which gi'ow downwards 
in the medulla to form the so-called solitary bundle.^ These are traceable in the 
adult as far down as the middle and lower cervical region respectively, but in the 
embryo are at first quite short, and Umited to near the place of attachment of the 




Kg. 90, A and B. — Sections aoboss the hisd-brais ot" a hujian embkto, 10 mm. long. (His.j '^\ 

In A, the origin of the spinal accessory and hypoglossal nerves is shown, the fibres of hoth arising 
•from groups of neuroblasts in the basal lamina of the neural tube. In B, one of the roots of the hypo- 
glossal is still seen, and in addition the root of the vagus nerve. This is represented as in part arising 
like that of the spinal accessory in A, from a group of neuroblasts in the basal lamina, and in part from 
■a bundle of longitudinally coursing fibres placed at the periphery of the alar lamina, and corresponding 
in situation to the commenciog posterior white columns shown in fig. 87. 

nerve roots, becoming gradually longer as development proceeds. The solitary bundle 
is at first superficial, like the ascending root of the fifth, but it subsequently becomes 
covered in by the bending over of the alar plate, and the formation of nervous sub- 
stance in this. The ganglion-rudiments from which the ingrowth of these afferent 
fibres takes place, become the Gasserian ganglion of the fifth, and the jugular 
ganglia of the glosso-pharyngeal and vagus. 

The auditory nerve-roots appear also to be formed by an ingrowth from the cells 
of its ganglion-rudiment into the alar plate. Subsequently the ganglion-rudiment 
becomes subdivided into three parts, one forming an intracranial ganglion, and the 
others giving rise to the branches of the nerve to the cochlea and vestibule respectively 
(fig. 90, C). The part belonging to the cochlea (ganghon cochleEe) forms ultimately 
the spiral ganglion ; while the one on the vestibular branch forms the gangliform 
swelling of Scarpa. From a separated part of the ganglion cochleae the nerve to the 
posterior semicircular canal passes, as well as that to the macula of the saccule ; 
from the vestibular ganghon the nerves to the other ampuUse and to the utricle, are 
derived. The geniculated ganglion of the facial is derived from the same ganglionic 

' These bundles, therefore, are homologous with the rudiments of the posterior white columns 
which are derived from the ingrowing fibres of the spinal ganglia (v, antea, p. 74). 
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mass as furnishes the ganglia of the auditory nerve, but its cells are early distin- 
guishable by their larger size and clearer appearance. From these cells fibres, which 
-are probably afferent (His), grow centrally into the hind-brain and peripherally along 
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wa^. 



Fig. 90, C. — Section from the same embryo at the exit op the facial nekve. 
(Several sections have been combined to form this figure. ) 



(His.) 



VI., fibres of sixth nerve taking origin from group of neuroblasts in basal lamina ; Wl.G.g, gang- 
lion geniculi of the facial ; VIILfti.c, intracranial ganglion of auditory ; NllLG.v, ganglion vestibuli; 
VIII. G. e, ganglion cochleae. 



the nerve, mingling with its efferent fibres. Some of these afferent fibres may form 
the chorda tympani, but there are many more than are found in that nerve. 

The nj f\ir. pp-rv fis take origin as hoUowoutgDiwths of the brain, which afterwards 
be mrpe sg h'd. while nerve-fibres become developed in their walls. Their mode of 
origin will be further treated of in connection with the development of the eye. 

The olfactory lobe, which consists of the olfactory bulb and tract (often 
spoken of as the first or olfactory nerve), and the part of the base of the brain 
from which the tract arises, makes its appearance as a protrusion of the antero- 
ventral part of each cerebral hemisphere, extending towards the thickened olfactory 
area of the epiblast (see fig. 70, B, Rl ; and fig. 74, olf). This primitive olfactory 
lobe is early seen to be divided into anterior and posterior parts by a broad sulcus 
(fig. 95). Of the two parts, the anterior becomes considerably elongated, and 
ultimately forms not only the tract and bulb but also the trigonum olfactorium, 
and a small area on the mesial side of this (termed by His Broca's area) ; whilst 
from the posterior, the larger part of the anterior perforated space (mesial to 
the lateral olfactory root) and the peduncle of the corpus callosum (gyrus 




Fig. 91. — Ceakiai. nerves op a human embryo, 10.2 mm. long. (His.) -f. 

The cranial nerves are indicated by 'Roman, tlie spinal nerves by Arabic numerals. 

c. A, cerebral hemisphere ; th, thalamencephalon ; m.b, mid-brain ; ilfcc, maxillary process ; J(f», 
mandibular arch ; Hi/, hyoid arch ; the facial nerve is seen to send a branch (chorda tympani) across 
the hyomandibular cleft ; G.g, (Jasserian ganglion ; eg, ciliary ganglion ; v, vestibular, and c, cochlear 
part of auditory ; g.p, ganglion petrosum of glosso-pharyngeal : g.j, ganglion jugulare of vagus ; an 
anastomosis is seen between these ; g.tr, ganglion trunci of vagus ; JP, ganglion described by Proriep as 
belonging to the hypoglossal ; r.d, ramus descendens of hypoglossal • ot otic vesicle. The eye is also 
represented, and a part of the heart. 




Fig. 92. — Diagram showing the centripetal and centrifugal roots op the or axial nerves op 

THE SAME EMBRYO. (His. ) 

The places of exit of the nerves are marked by dotted circles or ovals. The efferent nerves (///., 
IT', mV, VI, YII, part of IX, XI, and XII), are seen to arise within the nerve centre from groups of 
neuroblasts ; the afferent fibres ( V. s, Till, v and c, most of IX, and X), pass a certain distance in- 
wards, and for the most part also caudalwards in the nerve-centre, and there end. The ganglion rudi- 
ments from which they have grown are not shown here. They will be found in the preceding figure. 
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subcallosus of Zuckcvkandl) are developed. These parts are separated even in the 
adult by a sulcus, along which the mesial or internal olfactory root runs. 

The olfactory nerve fibres arise, according to His, from neuroblasts which 
become formed within the thickened epiblast of the olfactory area (see p. 95). 
This epiblast at a certain period of development resembles the neural epiblast, and 
whilst some of the cells become spongioblasts, others become pear-shaped, or spindle- 
fihiiped, and their processes grow as nerve fibres towards the olfactory lobe. Not 
only, however, do these fibres emerge from the olfactory epiblast, but some of the 
neuroblasts, themselves also pass out, and these form a ganglion which lies between 
the olfactory lobe and the olfactory area. Subsequently this ganglion, the cells 
of which are prolonged at either end into nerve fibre processes, becomes attached 
to and partially invests the olfactory bulb, with which it ultimately blends, forming 
the part whence the olfactory nerve fibres pass to the Schneiderian membrane 
(layer of olfactory-glomeruli and nerve fibres), whilst bands of fibres on the other 
hand grow centripetally and become the olfactory roots. These are in fact 
comparable to the centripetal (so-called "ascending") roots of the trigeminus, 
glosso-phnryngeal. and vagus. 

It is not until the third month that the part of the olfactory lobe which forms 
"the bulb, begins to grow forwards away from the trigonum, and thus to form the 
■olfactory tract. 

The cranial nerves, except the optic and olfactory, and the relations they bear to one 
another and to the visceral arches of the head, are shown in fig. 91 as they occur in the human 
embryo of about four weeks. Fig. 92 distinguishes diagrammatically the nerves which grow 
into the nerve centres (centripetal or afferent nerves; from those which grow out from the 
centres (centrifugal or efferent nerves), and the extent of growth inwards of the former in the 
«ame embiyo. 

The sympathetic nerves and ganglia. — That these are merely outgrowths 
•of the cerebrospinal nervous system, nearly all recent observations, both morpho- 
logical and physiological, clearly show. But even before this fact had come to be 
generally recognized, it was known that they are developed in connection with the 
«[)iiuil nerves (Balfour), and indeed as offshoots from the posterior spinal ganglia 
{Schenk and Birdsell, Onodi). They appear for a time as enlargements upon the 
main stem of each spinal nerve, but afterwards become connected with this by a 
short branch (r. communicans) (fig. 88), and with one another by a longitudinal 
■commissure. The branch in question contains the splanchnic fibres of the spinal 
nerve, and the sympathetic ganglia are its splanchnic or vagrant ganglia (Gaskell), 
The splanchnic ganglia of the cranial nerves are probably formed in a similar way, 
but their mode of development has not as yet been worked out. 

The ciliary ganglion appears to be formed as an outgro'wth of the Gasserian ganglion (fig. 
91, e.g.) much iu the same way as the sympathetic trunk ganglia are formed as offshoots of the 
posterior spinal ganglia. In elasmobranchs it is derived from the ophthalmicus profundus 
ganglion, itself an offshoot of the Gasserian (Ewart). 

Paterson has recently described the sympathetic chain of ganglia as developing in mammals 
(rodents) from a continuous rod of mesoblast lying on either side of the aorta, and as becoming 
only secondarily segmented and connected with the cerebro-spinal nerves. But observations 
upon earlier embiyos than were used by Paterson are necessary before the mesoblastic oiigin 
of the rod can be admitted. 
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DEVELOPMENT OF THE EYE. 

The first development of the eye occurs as a hollow protrusioa of the anterior 
cerebral vesicle — primary optic vesicle— in the manner already mentioned (see 
fig. 68, e, and fig. 98). The vesicle thus formed abuts externally against the 
external epiblast of the side of the head (fig. 96) ; and this external epib last opposite 
the most prominent point of the primary optic vesicle, becomes thickened and in- 





!Fig. 94. — Side view op anteriob 

PART Of BKAIN OF MOKE ADVANCED 
HUMAN EMBRYO, SHOWINO THE 
I'KIMAEY OPTIC VESICLE FOLDED 
AND CUPPED. (His.) 

e.h, cerebral hemisphere (part of I ; 
olf., olfactory lobe ; opt., optic cup. 



Fig. 93, A. — Brain op chick of 2nd day, 

VIEWED FROM BELOW, TO SHOW THE FORMA- 
TION OP THE OPTIC VESICLES BY ODTOKOWTH 
OP THE SIDE OP THE FORE-BRAIN, AND AT 
THE SAME TIME BY THE FOLDING OVER OF 
THE ENLAE(JED PART, THE PRODUCTION OP 
A GROOVING OK CUPPING OP THE VISICLES. 

(His.) 

f.h\, m.br., h.br., fore-, mid-, and hind- 
brain ; opt., optic vesicle ; i, infundibulum. 

Fig. 93, B.— Brain op human embryo op 

THREE WEEKS, SHOWING THE PRIMARY 
OPTIC VESICLES AS OUT- GROWTHS FROM THE 
FOREBRAIN. (HiS.) 



Fig. 95. — Side view op the same part op 

THE BRAIN IN A STILL MORE ADVANCED 
EMBRYO, THE EYE HAVING BEEN OUT AWAY. 

(His.) 

opt,, cut end o£ optic stalk, showing the 
manner in which it is folded ; i, infundibu- 
lum ; olf.p., posterior part of olfactory lobe ; 
olf.a., anterior part of the same ; c.h., cere- 
bral hemisphere ; t.c, tubes oinereum. 



vaginated, so as to form at first a hollow cup-shaped depression with thickened walls 
(figs. 97, 98), and subsequently by the closing in of the epiblast at the mouth of the 
cup, a hollow island of epithelial cells (fig. 99). This island, which is the rudimentary 
lens, lies betM'een, but is entirely distinct from the external epiblast on the one hand, 
and the neural epiblast of the primary optic vesicle on the other hand. Its forma- 
tion is accompanied by a cupping in of the primary optic vesicle (figs. 94, 97, 98), 
which is invaginated before it, and this invagination is increased by an ingrowth 
of mesoblast, which occurs between the lens and the cupped optic vesicle, and 
which subsequently forms the vitreous humour. Invaginated in this way the 
cavity of the original optic vesicle becomes almost entirely obliterated, and appears 
merely as a cleft between the two layers which form the wall of the so-called " optic 
cup." The inner of these two layers is from the first thicker than the outer, and in 
it are developed all the parts of the future retina from the membrana limitans interna 
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to the layer of rods and cones, while from the outer thinner layer the hexagonal 
pigmented epithelium of the retina, with its continuation into the uvea, is formed. 
The invagination of the primary optic vesicle does not occur only opposite the 





Fig. 96. — PaIvT Of A SECTION THROUGH THE 
HEAD or AN EARLY HUMAN EMBRYO, SH0WIN8 
THE OONNEOTION OB THE PRIMARY OPTIC VESI- 
CLES WITH THE POREBRAIN. (His.) 

olf, olfactory area of epiblast ; c.h, part of 
forebrain which gives rise to cerebral hemi- 
spheres ; th, thalamencephalun ; p.o.v, primary 
optic vesicles. 



Fig. 97. — Section through the same part op a 

MORE advanced EMBRYO, IN WHICH THE LENS IN- 
VAGINATION IS FORMED, AND THE PRIMARY OPTIC 
VESICLES ARE CUPPED. (His. 1 

0. c, optic cup ; o.s, optic stalk ; I, lens invagina- 
tion ; c.h, cerebral hemispheres ; th, thalamencepha- 
lon ; i, infundibulum ; olf, olfactory area. 




Wc. 




as. 



Fig. 98. — Vertical section ihrough the middle of the developing ete op a chick op the 

THIRD DAY. (E. A. S. ) 

The section passes longitudinally through the deficiency in the lower part of the optic cup, and 
shows the mesoblast extending in between the lens invagination and the pigment layer of the optic cup. 

*Aa^, thalamencephalon ; m.cp, neural epiblast; c.ep, cutaneous epiblast; o.s., optic stalk ; u, o, 
cavity of primary optic vesicle ; me, mesoblast ; v, mesoblast passing behind lens to form vitreous ; 
I, lens invagination. 

Fig. 99. — Section through the eye and optic stalk of a human embryo op five weeks. (His.) 

fF.c, connection of optic stalk with thalameucephalon ; ^, cleft or fold in the stalk, where the 
arteria centralis retinss passes in ; P, pigment layer ; iJ, retina ; Z, lens. 
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place where the lens is becoming involuted, bat also below, or ventral, to that place, 
80 that a section exactly through the middle of the optic cup at right angles to the 
axis of this part of the head, shows a gap in the boundary of the cup through which 
the mesoblast is passing into the space between the lens and the invaginated optic 
vesicle (fig. 98, v). This gap or cleft soon becomes closed, but the suture or line of 
closure long remains apparent from the fact that when pigment begins to be de- 
posited in the eye, this so-called choroidal fissure remains for some time unpigmented 
(until the sixth week in man). 

The ventral invagination is in mammals continued for a considerable distance 
into the stalk of the optic vesicle (fig. 95), and the simultaneous inclosure of 
mesoblastic tissue leads to the introduction of the central blood-vessels of the retina 
within the optic nerve. In birds no such infolding of the stalk occurs. 

The lower invagination of the optic cup serves not only to permit of the passage of meso- 
blast behind the lens for the formation of vitreous humour, but also to establish a direct 
connection between the nerve-fibres which are formed along the course of the optic stalk 
(future optic nerve) and the centre of the inner layer of the optic cup (future retina) (0. 
Hertwig). 

The malformation termed ooloioma iridis is attributed to a persistence of the choroidal 
cleft, which extends behind the iris along with the retinal pigment or uvea, as' far as the 
margin of the pupii. 





Fig. 100. — Horizontal section through the eye 

OF AN EMBRYO RABBIT OF TWELVE DAYS AND SIX 

HOURS. 'i°. (Kolliker. ) 

0, optic stalk ; h', remains of the cavity of the 
primary optic vesicle ; p, proximal lamella of the 
optic cup (pigmentum nigrum) ; r, distal lamella 
(retina) ; I, lens invagination, widely open at ol ; 
I', papillar elevation in the bottom of the lens 
vesicle ; m, mesoblast ; <;, mesoblast of vitreous ; 
V, a blood-vessel at the anterior border of the optic 
eup ; e, cutaneous epiblast. 



Fig. 101.— Eyeball of a human embryo of 

FOUR WEEKS out ACROSS, AND THE ANTERIOR 
HALF REPRicSENTED FROM BEHIND. (KoUiker. ) '§". 

pr, the remains of the cavity of the primary 
optic vesicle ; p, outer layer forming the retinal 
pigment ; r, the thickened inner part giving rise 
to the columnar and other structures of the retina ; 
■V, commencing vitreous humour within the optic 
cup ; v', the cleft through which a vascular loop, 
tt, projects from below ; I, the lens with a central 
cavity. 



The hollow optic stalks are at first freely in communication with the thalam- 
encephalon, or third ventricle. Nerve-fibres grow along their walls, from neuroblasts 
which develop in the retinal epiblast, and pass towards the nerve-centre (His), and 
the cavities of the stalks become thereby gradually obliterated, the radially striated 
epithelial-like arrangement of the wall being, however, long evident. A new con- 
nection becomes subsequently established between the posterior part of the optic 
stalks (optic tracts) and the mesencephalon, whilst the middle parts become united 
with one another to form the chiasma. 
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The development of the retina from the inner layer of the optic cup, has not 
been fully worked out. In its earlier stages it closely resembles in structure the 
wall of the cerebral vesicles, consisting of elongated epithelium-like cells, apparently 
arranged in several interlocking layers. Of these cells some become developed into 
nerve-fibres and nerve-cells (inner granules and ganglionic layer), others into susten- 
tacular tissue, similar to the neuroglia of the central nervous system (molecular 
layers, Miillerian fibres), whilst the outermost layer forms the sense- epithelium (W. 
Miiller), or layer of outer granules, which is sharply marked off against the 
layer of hexagonal pigment cells by the membrana limitans externa, as is the nerve- 
fibre layer from the vitreous humour by the membrana lim.itans interna. For a long 
time there is no trace of the rods and cones. These begin to appear some little time 
before birth in man and most animals, but in animals which are born blind, such as 
kittens, not until after birth (M. Schultze), in the shape of small protuberances of 
the sense-epithelium cells growing beyond the limitans externa, and forming at first 
the inner segments of the rods and cones, and subsequently the outer segments also. 
The latter as they are dcTeloped become imbedded in the inner surface of the 
hexagonal pigment cells, which have become developed from the outer layer of the 
optic cup. 

The anterior third of the optic cup does not undergo the changes above 




Fig. 102. — Section through the eye of a kabbit bmbbyo, moke advanced in development than 
THAT shown in PIG. 98. (Balfour.) 
c, epithelium of cornea; I, lens; me.c, mesoblast growing in to form the substantia propria of the 
cornea ; o/.n, optic nerve ; rt, retina ; a.c.r, mesoblast for the formation of the vitreous humour and 
the arteria centralis retinae. ' 

described. Its two layers become here developed into the comparatively simple pars 
ciliaris retinee, and in front of the ciliary region they extend forwards and inwards 
in front of the lens and in close contact with the back of the iris, where they form 
the thickly pigmented epithelium, which is known as the uvea and terminates at the 
margin of the pupil. 

Further development of the lens.— The hollow epiblastic vesicle from 
which the lens deve opes is composed of a thick posterior and a thin anterior laver 
which pass into one another at the equator of the lens, and enclose a clear fluid. 
In mammals, the vesicle when first formed also contains a small mass of epithelium 
cells which have become separated oif from the posterior wall (fig. 100), but these 
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afterwards disappear. The thin anterior layer remains throughout life as a simple 
layer of cubical cells, and forms the so-called lens-epithelium ; but the cells of the 
posterior layer grow forwards into the cavity of the lens-vesicle as the lens-fibres : 
those in the middle being the longest and straight, while the rest are slightly curved 
with their concavity towards the equator, and become gradually shorter towards the 
circumference, where they pass through gradually shortening columnar cells {transi- 
tional zone) into continuity with the anterior epithelium. By the growth of these 
fibres the cavity of the lens-vesicle becomes obliterated. 

In this manner the central part of the lens is formed, and it consists in the main 
of fibres which pass in an antero-posterior direction. The remainder of the lens is 
formed of fibres which are so disposed as to curve round its margin and over the ends of 
the first formed fibres ; they are, moreover, deposited in successive layers and in 
three (or more) separate sections, so that their ends abut against one another in front 
and behind along tri-radiate (or multi-radiate) lines, such as may be seen in the 
nijicerated Ions. These later deposited fibres are all formed at the equator (at the 
transitional zone), where chiefly cell-multiplication takes place, and they grow hence 
meridionally liackwards over the ends of the already developed antero-posteriorly dis- 
posed fibres of the central part of the lens. 

The capsule of the lens is early visible as a thin homogeneous membrane, the 
origin of which is still undetermined. According to some observers (Lieberkiihn, 
Ainold, Lowe) it is derived from a thin layer of mesoblast, which passes in between 
the lens and the optic cup ; according to others (Kolliker, Kessler, Balfour), it 
appears before any mesoblast has passed in, and they therefore regard it as a 
cuticular deposit ft-om the tens cells. In the human embryo, His figures mesoblast 
as existing from the first between the lens invagination and the optic cup {v. fig. 97). 

In connection with this question it must be remembered that the substantia propria of the 
cornea (see below), which is formed of connective tissue, and is therefore mesoblastic in 
nature, also at first makes its appearance as a homogeneous deposit before any mesoblast cells 
have passed in behind the corneal epithelium.' Its chemical natuie, and its continuity at 
the equator with the suspensory ligament and hyaloid membrane, certainly point to the lens 
capsule as being a connective tissue, i.e. a mesoblastic structure. 

Although the foetal lens like that of the adult is itself non-vascular, it is nevertheless 
externally freely supplied with blood-capillaries, which form a vascular tunic completely 
surrounding it outside the capsule. These capillaries are supplied by a branch of the artcrla 
eentralia retime which passes forwards through the centre of the vitreous humour ; in 
front, at the margin of the pupil, they come into continuity with the vessels of the iris. The 
most anterior part of this vascular tunic forms a membrane which closes the aperture of the 
pupil in the middle periods of fcBtal life. In the human eye the whole tunic, together with 
the artery which supplies its vessels, becomes atrophied and is lost sight of before birth, but 
in some animals Va^ jiiqiillary meiiiVmne remains apparent for a few days after bii'th. 

The vitreous humour appears to be formed from the mesoblastic tissue which 
has passed in between the lens and the inner layer of the optic cup by a gradual 
formation of a larsre quantity of ground-substance, whilst the cells of the tissue 
almost entirely disappear. The development of the hyaloid membrane has not been 
fully traced out, and the same may be said with regard to the zonule of Zinn. They 
are probably both formed by part of the same mesoblast as forms the vitreous humour 
(Lieberkiihn, Angel ncci). 

The corneo-sclerotic coat, the dwroid coat, and the iris are all derived from the 
mesoblast surrounding the optic cup. 

The corneal epithelium is a portion of the external epiblast, which originally 
rests against the front of the lens rudiment. The substantia propria corueae 
first appears in the chick as a thin homogeneous layer lying immediately within 

' Kessler, however, looks upi»n this homogeneous deposit as being also a cuticular deposit formed by 
the epithelial cells. 
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this epithelium. Into this homogeneous layer mesohlasfc cells pass from the margin, 
greatly thickening it and producing eventually the regular layers of fibrous tissue, 
which are characteristic of the cornea. No cells pass into the most anterior or 
into the most posterior stratum, which remain homogeneous (anterior and posterior 
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Fig. 103. — Horizontal sectioit 

THRODGH THE EYE OF AN EMBRYO 
RABBIT OF 18 DAYS. 'j'. {K61- 

liker. ) 

0, optic nerve ; p, hexagonal pig- 
ment layer ; r, retina ; re, ciliary- 
part of the retina ; 'p', forepart of the 
Optic cup (rudiment of the iris pig- 
ment) ; g, vitreous, shrunk away from 
the retina, except where the vessels 
from the arteria centralis retinae enter 
it ; i, iris ; mp, membrana pupiUaris ; 
c, cornea with epithelium e ; pp, pa, 
palpebrse ; I, lens ; V, lens epithe- 
lium ; /, sclerotic ; m, recti muocles. 

homogeneous lamellas of Bow- 
man). The epithelium of the 
posterior homogeneous lamella, 
or membrane of Descemet, is 
derived from mesoblast cells 
which grow in like the cor- 
neal corpuscles from the mar- 
gin and spread themselves 
over the posterior surface of 
the cornea, thus separating 
this from the iris and anterior 
surface of the lens. For a 
long while, however, there is no anterior chamber ; this eventually appears as a 
tleft-like space between the cornea and the structures immediately behind it. 

In mammals, all the above stages of formation have not been described. A 
complete layer of mesoblast is early visible lying between the corneal epiblast and 
tue lens epiblast, and continuous around the margin of the lens with the mesoblast 
of the vitreous chamber. In this mesoblast a cleft makes its appearance, separating 
it into two parts, one of which adheres to the corneal epiblast, where it forms the 
substance of the cornea, the other to the lens capsule forming the pupillary membrane. 
This cleft is the rudiment of the anterior chamber. It does not become actually 
distended with fluid until a short time before birth (KoUiker). 

The sclerotic is formed entirely from mesoblast around the optic cup, probably 
continuous with that which forms the cornea, although it is only later that the 
cornea and sclerotic come to be completely amalgamated. 

The choroid coat is formed from the mesoblast which is immediately in contact 
with the outer layer of the optic cup, and the forward growth of the middle tunic 
closely follows that of the margin of the cup. The latter ceases at first at the 
margin of the lens, but subsequently grows forwards over the front of the lens as a 
thin double layer, which is closely covered externally with a continuation of the 
choroidal mesoblast. This is the iris, over the back of which both the layers of the 
cup-margin eventually acquire pigment and remain permanently as the uvea. The 
ciliary body is formed by a kind of hypertrophy of the optic cup, which developes 
radial folds, enclosing thin portions of mesoblastic choroidal tissue, in which, as in 
the rest of the choroid, numerous blood-vessels and branched pigment-cells become 
formed. 
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Accessory structures. — The eyelids make their appearance gradually as folds 
of integument, subsequently to the formation of the eyeball (fig. 103). About the 
third month of foetal life the two folds, one forming the upper and the other the 
lower lid, meet and unite by a growth together of the epithelium at the margins of 
tbe folds, so as to cut oil the conjunctival sac from the exterior. A short time 
before birth they again become disunited. 

A third fold (of the conjunctiva) appears at the inner canthus, and in many 
vertebrates developes into a well-marked third eyelid, the memhrana nicUtans. In 
man it remains rudimentary, forming the plica semilunaris. 

The glands, hairs, and other structures belonging to the eyelids, are deve- 
loped in the same way as the corresponding structures in the rest of the 
integument. 

The lachrymal gland is developed in the third month as a number of out- 
growths from the deeper layer of the epitheUum, at the upper and outer part of the 
conjunctival sac. The outgrowths are at first solid, and branch into the surroundiug 
connective tissue as with other racemose glands, subsequently becoming hollowed 
out and differentiated into ducts and acini. 

The lachrymal canals and ducts are usually described as being directly 
developed by the enclosure of the fissure which separates the lateral nasal process 
from the maxillary process (see Development of Nose, p. 95, and figs. Ill, 112), 
and which passes in the early embryo from the eye to the upper part of the naso- 
buccal cavity (lachrymal fissure). But it has been shown, chiefly by the researclies 
of Born, that in most animals the canal is at first formed as a thickening of the 
rete mucosum of the epidermis, which sinks into the corium along the line of that 
fissure. The thickening subsequently becomes separated from the rest of tlie 
epidermis, and hollowed out to form an epithelial tube, which leads from the 
conjunctiva into the nasal cavity. 

The bifurcation of the duct where it opens on the conjunctiva is produced, according to 
Ewetsky, by a broadening out of the epithelial cord at th,e inner canthus, and its subsequent 
separation into two parts by an ingrowth of connective tissue in its middle, the two parts 
developing into the upper and lower lachrymal; canals. 



DEVELOPMENT OP THE EA"R. 

The essential part of the ear, viz., the epithelial lining of the labyrinth, is 
developed in much the same way as the crystalline lens, as an invagination of the 
external epiblast, which at first appears as a pit of thickened epithelium {avditory 
pit, fig. 104, A.), but is gradually converted by a growing together of the margins of 
the pit into a hollow island of epiblast, the auditory or otic vesicle (fig. 104, B). 
This process occurs somewhat after the formation of the eye is laid, and at quite a 
different part of the head, viz., on either side of the hind-brain just over the upper 
end of the first post-oral visceral cleft. The vesicle comes at first into close contact 
with the hind-brain, except where the ganglionic rudiment of the auditory nerve 
projects between them, but it subsequently becomes entirely surrounded by meso- 
blast, which separates it from both the neural and external epiblast. 

The hind-brain does not send out a hollow process towards the otic vesicle 
corresponding to the optic processes of the fore-brain, but the auditory nerve 
developes from a solid outgrowth of the neural crest in the same way as the 
posterior roots of the spinal nerves and parts of many other of the cranial nerves 
(see p. 78). 

The otic vesicle is at first flask-shaped, with the somewhat elongated mouth of 
the flask directed externally towards the original point of connection with the 
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exterior. In elasmobranch fishes this connection is never closed, but remains 
throughout life in the form of a small duct-like tube which passes up through the 
cranial wall and opens on the epidermis. In other vertebrates the connection with 
the exterior becomes closed — in the chick during the third day — and what remajus 






Fig. 104.— SeoTIOSS THROnOH KEGION of the HnTD-BBAIir OP EUMAU EMBRYOS, SHOWING THREE 
STAGES IN THE DEVELOPMENT OF THE OTIO VESICLE. 

A, auditory pits ; B, simple auditory vesicles ; C, auditory vesicles beginning to be fashioned into 
parts of the membranous labyrinth ; ot, otic vesicles ; H, recessus labyrinthi ; v, ventral surface of 
hind brain ; r, its roof ; /, latei;il recess. 

Fig. 105. — Outline of the eight labykikth of a 3^ 
wkeks human ejibkyo, to show its rklati0n3 to 

THE PARTS OF THE AODITORY NERVE. (W. His, jun.) 

a. b, section of hind brain ; r/.v, ganglion vestibuli in 
contact with the upper part of the labyrinth ; g.c, ganglion 
cochlete in contact with the lower part. The fibres of the 
corresponding ])arts of the auditory nerve which have grown 
from these ganglia into the hind brain, are seen to cross 
one another ; /, facial nerve ; r.l, recessus labyrinthi. 

'^' ' \%>2f f tyA \"M'^ of the original mouth, or canal of connection 

with the exterior, is visible as a distinct but 
small process from the upper and inner angle 
of the vesicle, and is known as the recess of 
the labyrinth (fig. 104 c, r.l). Eventually it 
developes into a long epithelial tube, which 
passes through the petrous bone, with an expanded end lying within the skuU 
underneath the dura mater. This tube and its expanded termination form respec- 
tively the endolymphatic canal and saccule (fig. 106). 

In the meantime the auditory vesicle becomes elongated and begins to be 
irregular. Its ventral end projects as a distinct hollow process, at first straight, 
but soon becoming curved ; this is the rudiment of the epithelial canal of the cochlea. 
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Other hollow projections appear near the dorsal end of the vesicle ; these form 
the two superior semicircular canals ; the horizontal canal appears a little later. 

The mode of formation of the canals is somewhat peculiar. They first appear as flattened 
semicircular hollow protrusions of the wall of the vesicle. Their sides then come together 
and coalesce, except near the circumference of the semicircle, which now forms a tube con- 
nected at both ends with the vesicle. Subsequently a separation or breach of continuity 
occurs over the area of coalescence, so that the rest of the tube is free. One of the ends 
becomes dilated into an ampulla and connected with a branch of the auditory nerve. 

Whilst these processes are occurring at the dorsal and ventral ends of the now 
elongated vesicle, a fold, or constriction, of the wall is beginning to make its 
appearance about the middle, and thus the posterior part which is connected with the 
semicircular canals becomes gradually separated (as the utricle) from the anterior 
part, which forms the saccule, and is connected with the cochlea. This fold extends 
into the beginning of the recess of the labyrinth, and separates it longitudinally fcr a 
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Fig. 106. — Stages in the development op the membeanous labyrinth. (W. His, jun.) 

A. Left labyrinth of a human embryo of about four weeks, viewed from the outer side, r, vestibu- 
lar part ; e, cochlear part ; r.l, recessus labyrinth! (aquseduetus vestibuli). 

B. Left labyrinth with parts of the facial and auditory nerves of a human embryo of about 4J 
weeks. J, surface of the hind brain; u, utricular; », saccular part of labyrinth ; a.s.c, p.s.c, 
e.s c. , rudimentary folds representing the two vertical and the horizontal semicircular canals ; )•. I, upper 
part of recessus labyrinthi becoming enlarged into the endolymphatic saccule ; c.c, rudiment of cochlea ; 
n.v, vestibular branch of auditory nerve ; g.v, vestibular ganglion (ganglion of Scarpa) ; g.c, cochlear 

jlion ; n.f, facial nerve, with geniculate ganglion, g.g. 

C. Left labyrinth of a human embryo of about five weeks, viewed from without and below. Letter- 
ing as before. The horizontal canal is still only a fold. The ampnlte are beginning to be visible on the 
two vertical canals. 



short distance into two tubes, one of which opens into the utricle, and the other 
into the saccule, forming the only permanent means of communication between 
their contents. Another fold, or constriction, appears presently, somewhat lower 
down, and converts the connection between the saccule and the cochlea rudiment 
into the narrow duct of Hensen (canalis re-uniens). 

In the meantime the cochlea-rudiment at the ventral end of the now labyrinthic 
vesicle, becomes elongated into a tube, which, as it grows, becomes coiled upon 
itself in such a manner as to produce the spiral structure of this part of the auditory 
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Fig. 107. — Transverse and slightly obliqtie section of the bead of a f(etal sheep, in the 
REGION OF THE HIND BRAIN. (From Foster and Balf GUI' after Boettclier. ) 

HB, inner surface of the thickened walls of the hind brain ; RV, recess of the vestibule ; YB, 
commencing vertical semicircular canal ; CC, canal of the cochlea ; GrC, cochlear gangKon of the right 
side ; on the left side. G', the ganglion, and N, the auditory nerve connected with the hind brain. 



Fig. 108. — TRANSVEliSE SECTION OF 
the head OP A F<ETAL SHEEP OF 
FOUR-FIFTHS OF AN INCE IN LENGTH. 

(From Foster and Balfour a'ter 
Boettcher. ) 

RT, recessus vestibuli : VB, vertical 
semicircular canal ; CC, cochlear 
canal ; &, cochlear ganglion ; HB, 
horizontal canal. 

organ. This coiling, however, 
only occurs in mammals ; in 
birds, the cochlea is a short, 
straight blind tube. 

All these parts of the laby- 
rinth are, when first formed, 
simple epithehal tubes sur- 
rounded by and imbedded in 
embryonic connective tissue. 
As development proceeds, and 
the skull begins to form, a 
cartilaginous capsule becomes 
developed around the several 
parts of the labyrinth, and 
this at length becomes ossified. 
The cartilaginous capsule does 
not closely invest the epithelial structures ; they are immediately surrounded by 
embryonic connective tissue, which forms an internal periosteal lining to the capsule 
and a special covering to the epithelial tube. These two connective tissue membranes 
are everywhere separated from one another by gelatinous connective tissue, composed 
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of semi-fluid ajround substance and branching corpuscles, except along one border, 
where they are in continuity. But in the cochlea the gelatinous tissue is above and 
below the epithelial tube, the place of the modiolus being occupied by embryonic 
tissue which is not gelatinous, and is connected with that lining the capsule by 
similar non-gelatinous tissue separating the turns of the cochlea from one another, 
and also running in the position of the future spiral lamina. 

The bone, which is fornied by ossification of the cartilaginous capaiile, is of a spongy 
nature, but it becomes con ted internally by layers of compact bone deposited by the periosteal 
lining. The modiolus and septa of the cochlea, as well as the osseous spiral lamina, are 
fornied whoUy in connective tissue without any preformation in cartilage. 

The perilymphatic spaces througliout the whole labyrinth are produced by a 
.gradual vacuolation and disappearance of the gelatinous tissue which surrounds the 
membranous labyrinth. In the cochlea this conversion into perilymph begins in the 
proximal turn of the spiral and extends hence towards the distal end. It is only 
with the development of these perilymph-spaces (scalse) that the cochlear tube, 
which was previously oval in section, acquires the characteristic triangular section 
which we see in the fully-formed organ. 

The auditory nerve is large and early becomes separated into its two main divisions, vesti- 
bular and cochlear. Bach division has a large ganglion upon it (fig. 105), which extendi 
■to the anterior wall of the epithelial vesicle, and as the ventral end of the vesicle elongates 
.and assumes the spiral disposition, the cochlear nerve and ganglion extend along with it and 
take the same coiled or spiral form. 

The cells which form the wall of the epithelial tube become variously modified in difTerent 
parts of the labyrinth to produce the characteristic structures which there occur, viz. -. tlie 
"haii--oeUs, the rods of Corti, the sustentacular cells of Dcitei-s and the epithelium lining the 
labyrinth. The membrana tectoria appears as a cuticular deposit over the columnar cells 
which are becoming developed into the organ of Corti. 



A.CCESSOBT PAETS OP THE OR&AN OP HEARINa. EXTEENAIi AND MIDDLE EAE. 

While the epithelium of the internal ear is formed by an involution of cutaneous 
-epiblast in the manner which has just been explained, the middle ear with the 
Eustachian tube, and the external auditory meatus with the pinna are formed from 
the remains of the iirst visceral cleft, and from the parts of the mandibular and 
hyoidean arches which immediately bound the cleft. This cleft at an early period 
forms an almost complete communication between the pharynx and the exterior,' but 
the broad cleft becomes gradually converted into a flattened tube, and this is presently 
■found to be closed, lioth by the epiblast and hypoblast, which are from the first 
in contact at the bottom of the cleft, and also by an ingrowth of mesoblast, the 
rudiment of the membrana tympani being thus formed. There is at first no enlarge- 
ment of the flattened tube to represent the tympanic cavity, and the ossicles are 
developed not withia, but altogether outside the tube, in a mass of gelatinous con- 
nective tissue, which is continuous with that forming the embryonic membrana 
tympani ; they are formed for the most part by ossification of parts of the carti- 
laginous bars, which extend from the otic capsule into the mandibular and hyoidean 
visceral arches (see Development of Skeleton). As the tympanic cavity becomes 
formed by a gradual enlargement of the blind end of the closed hyomandibular cleft, 
the gelatinous tissue retires before it, and as this tissue disappears, the ossicles and 
the chorda tympani which were previously entirely enveloped by it, are left projecting 
into the tympanic cavity, covered only by thin mucous membrane. The process of 
formation of that cavity is not, in fact, completed until after birth, when air becomes 
•admitted into it through the Eustachian tube. 

' Vide footnote on p. 102, 



94 



DEVELOPMBISTT OF THE EAR. 



The embryonic tympanic membrane is at first close to the exterior, the external 
meatus being scarcely existent, although the several parts of the external ear are very 









Fig. 109. — Sketches showing the gradual development or the parts of the extkrnal ear 

FROM PROMINENCES UPON THE MANDIBULAR AND HYOIDEAN VISCERAL ARCHES. (His.) Variously 

magnified. 

F is aa outline sketch showing the several parts of a Tvell-developed adult ear, §rd natural size. 

1, 2, prominences on the mandibular arch ; 3, prominence between the two arches, immediately 
over the cleft, prolonged posteriorly into c, behind the hyoidean arch ; 4, 5, and 6, prominences on the 
hyoidean arch ; L, in B, otic vesicle (seen also in A) : K, lower jaw. 

Of the prominences enumerated 1 forms the tragus ; 2, 3, and So, the helix ; 4, the antihelix ; 
5, the antitragus ; and 6, the lobule {vide F). 
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early distinguishable as slight protuberances upon the margins of the shallow cleft- 
like depression which is all that represents the meatus at this stage (fig. 110, a). But 
as the body wall becomes thicker, the cleft becomes deepened and more tubular, and 
the protuberances upon the mandibular and hyoidean arches become gradually so 
transformed and arranged around the external orifice as to be recognizable as the 
several parts of the future pinna. The transformations may readily be understood 
from the study of the accompanying series of sketches from His, which show these 
parts in gradually advancing stages in the human embryo (fig. 109). 



DEVELOPMENT OF THE NOSE. 



The olfactory organ arises in all vertebrates at an early period of embryonic life- 
as a depression of external epiblast {olfactory pit) on either side of the fore-brain. 
The epiblast in this region becomes thickened, forming an olfactory area, and a de- 





-pr.gloL, 



Fig. 110. — Fkopile view of the head op a 

HUMAN EMBRYO OF NKARLY FOUR WEEKS. (His.) 

olf, olfactoiy depression passing posteriorly 
into a deep pit, the rudiment of Jacobson's 
organ ; mx, maxillary process ; inn, mandibular 
arch ; Ky, hyoidean arch ; J;-', Sr^, first and 
second branchial arches. 



Fig. 111. — Head of an kmbkyo more advanced. 
iH development than that shown in Fia. 
110, FROM before. (His.) 

pr.glob, globular extremity of the mesial naaal 
process. The other letters as in fig. 111. 



pression then forms in this area surrounded by a raised margin (figs. 9f), 97, olf). 
The depression soon appears pyriform, the smaller end extending as a groove towards, 
the stomod(Bum or buccal invagination (see fig. 110, olf) ; near this end a special 
pit is early visible, and becomes developed into Jacobson's organ. 

The thickened boundaries of each olfactory pit and groove are formed by the so- 
called mesial and laieral nasal processes (figs. Ill, 112). The mesial nasal processes, 
are united at their base by a depressed median part of the fronto-nasal process, but 
are at first separated below, where they terminate in distinct tubercles, termed by 
His the cjlohular processes. As deyelopment proceeds they extend backwards along 
the roof of the embryonic mouth, forming the rmsal lamince. Eventually the- 
globular processes coalesce in the middle line to form the intermaxillary process and 
the middle part of the lip, while from the depressed surface between them the 
lower part of the nasal septum and the philtrum are formed, and by a coalescence of 
the nasal laminae the rest of the nasal septum is produced. In rodents a notch leads 
from the nasal septum through the upper lip to the mouth, and represents an im- 
perfect union of the globular processes. 

Above the depressed surface just referred to, is a triangular part of the fronto- 
nasal process which forms an angle with it. This angle eventually becomes the 
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-pr-S^i. 




l.rt.ftr. 



Fig. 112. — Head of an embryo still more advanced in development. (His.) 

A, from above ; B, roof of mouth after removal of lower jaw ; i.m, placed on the fronto-nasal 
process and just above its intermediate depressed part ; l.n.pr, lateral nasal process ; m.n.pi; mesial 
nasal process ; the other letters as before. The nasal laminse of the globular processes and the 
palatine projections of the maxillary processes are seen in B. 





Kg. 113. —Head op an embryo of about seven 
WEEKS. (His.) 

The external nasal processes have united with the 
maxillary and globular processes to shut off the 
olfactory pit from the ori fice of the mouth. 



Fig. 114. — Head of .in embryo moke advanced 
IN development, with the parts of the 
NOSE and modth besinning to assume their 

PERMANENT RELATIONSHIPS. (His. ) 



point of the nose, and the triangular surface above it the bridge ; the alse nasi are 
formed by the lateral nasal processes. These processes are less prominent than the 
mesial (fig 112). They curve round the olfactory depressions, and meet the maxillary 
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processes ; between the two processes (lateral nasal and maxillary) the lachrymal 
groove passes from the eye to the nose (figs. Ill, 112). The maxillary processes 
also abut in front against the outwardly curving ends of the processus globulares, 
which together form as just mentioned, an intermaxillary process, and the three 
eventually coalesce to form the upper boundary of the mouth, which is thus shut 
oif from the anterior orifice of the nasal fossffi (fig. 113). But further back the 




Fig. 115. — Outline of a transverse vertical section thkough the nose and upper jaws of a 
sheep's embryo with open palate. (From KoUiker.) 

The lower jaw and tongue are removed ; d. dental germs ; p, the palate plates approaching each 
other in the middle ; /, the nasal fossa ; c, uasaX cartilage ; 8, septal cartilage ; j, the two organs of 
Jacobson with their cartilages internally. 

olfactory depressions, which are now developed into cleft-like cavities, and are in- 
creasing in complexity by the development of the projections which are to form the 
turbinate bones, are still freely in communication with the buccal cavity, and it is 
only by the growth of the palatine processes of the maxillse (fig. 115,^) and their 
coalescence in the middle line with one another, and with the lower part of the nasal 
septum, that the nasal cavities are cut off from the mouth and from one another, 
and now only open posteriorly into the upper part of the pharynx by the posterior 
nares (choanre). 

The median or septal part of the external nose, with its columella below, is 
formed, as above stated, of the coalesced mesial nasal processes, the als nasi being 
developed from the lateral nasal processes. The septum is at first broad and de- 
pressed, so that the nostrils are widely separated from one another (fig. 114), a con- 
dition which remains to a certain extent permanent amongst some of the dark races 
of mankind. 

From the above description it will be seen that the olfactory organs are at first altogether 
distinct from the month, that they subsequently pass backwards, as grooves, deepening into 
distinct clefts, along the roof of the mouth and forming in fact the upper part of the embryonic 
buccal cavity, and that finally they are again gradually separated from that cavity by the 
growth of a horizontal septum to form at first the hard and afterwards the soft palate. 

The median union of the palate begins in front about the eighth week and reaches the 
back pare and is completed about the tenth week. Imperfect coalescence of these parts pro- 
duces the malformations of hare-lip and cleft palate in their various degrees. Usually, how- 
ever, in man the coalescence is completed at a comparatively early period of foetal life, 
although a vestige of the original separation may be found in front at the junction of the 
maxillary proce.sses with the coalesced globular processes (intermaxillary), as the naso-palatine 
canal or incisor foramen, which is occupied by connective tissue, blood-vessels, and a branch 
of the fifth nerve. In many mammals, however, an actual communication remains through- 
out life between the nostrils and mouth in this situation. 

The organ of Jacobson is early visible on either side of the nasal septum at its lower part 
in the form of a narrow tube, oval in section, running horizontally in the substance of the 
septum and opening anteriorly near the upper orifice of the naso-palatine canal. When the 
cartilage of the septum becomes f oiTaed, a special curved plate of cartilage is seen partially 
enclosing this organ ; but both the organ itself and the cartilage are less conspicuous in man 
than in most mammals. According to Gegenbaur the rudiment which has been described in 
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the human embryo as the organ of Jaoobson is not really that structure, but represents a 
special gland which occurs in some lemurs in the lower part of the nasal septum. 

The epiblast of the olfactory area early becomes thickened, and resembles in structure the 
neural epiblast (His). As in the latter, some of the cells (nemoblasts) become pyriform and 
nerve-fibre processes grow out from them, whilst the remainder form long sustentacular 
columns, which partially anastomose to form a spongework. The neuroblasts subsequently 
pass out towards the olfactory lobe as already described (p. 81). 

All the complexities of the nasal fossae (and they are far more complex and labyrinthic in 
many animals than in man) are produced by folds and outgrowths of the original simple 
depressions, and the thickened epithelium of these depressions extends over all parts of the 
cavities which are thus formed. But it is only in the upper part of the nasal f ossEe that the 
connexion by nerve-fibres with the olfactory lobe becomes established, and it is in this part 
only that the true sense-epithelium becomes developed. In the lower, or respiratory part 
of the f ossas the epithelium remains relatively thin and becomes ciliated. 
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DEVELOPMENT OF THE ALIMENTARY CANAL. 

The early development of the primitive alimentary canal has already been briefly 
described in treating of the first formation of the embryo (pp. 34, 35), and it was there 
explained how the dipping downwards and inwards of the blastodermic layers on 
either side of the embryo tends to separate or pinch off the part of the blastodermic 
vesicle which is immediately underneath the body of the embryo as a distinct tube 
(mid-gut) from the remainder of the vesicle, which is now known as the yolk-sac, while 
at the same time similar changes occurring in front and behind produce the blind 
anterior and posterior extremities of the tube which are known as the fore- and hind- 
gut respectively. Although the downfolding in question eventually involves all the 
layers of the embryonic blastodei-m, the epiblast and the part of the mesoblast which 
adheres to it, and together with it forms the somatopleure, do not participate in 
the process until after the formation of the amnion, so that the alimentary canal for 
some time after its formation is enclosed only by the hypoblast -and its adherent 
mesoblast (splanchnopleure), and projects freely into the wide coelom or space 
between the splanchnopleure and somatopleure. The mid-gut also remains for a 
time in free communication with the yolk sac, although the communication becomes 
gradually narrowed into the vitelline duct. As the somatopleure afterwards grows 
down on either side of the alimentary canal, and becomes pinched in around the 
vitelline duct and stalk of the allantois, which are thus united into the umbilical 
cord, that part of the coelom which is within the body and around the alimentary 
canal becomes shut off as the pleuroperitoneal cavity from the remainder, which lies 
altogether outside the body, and forms the cavity of the false amnion. 

Development of the mouth and of the parts in connection with it. — 
The fore-gut terminates blindly at first underneath the head in the region of the 



Fig. 116. — Frontal view op the upper part op a human 

EMBRYO OF ABOUT FIFTEEN DAYS, RECONSTRUCTED FROM 
SERIAL SECTIONS. (His.) ^' 

The pericardium is opened to show the heart ; between this 
and the fore-brain is seen the primitiTe buccal cavity. A de- 
■scription of this figure is given on p. 138. 

mn. 

hind-brain, and the notochord, with the fore- and , 
mid-brain, curve downwards over the blind extre- 
mity, the fore-brain thus causing a rounded pro- 
minence in front of and ventral to the extremity of ■"• 
the alimentary tube (see fig. 45). With the develop- 
ment of the heart another prominence becomes "s"' 
formed on the ventral side of the fore-gut, a little "•"• 
further back. Between the two prominences, the 
one caused by the projection of the fore-brain and 
the other of the heart, a wide, shallow pit is enclosed 
(fig. 116), at the bottom of which the epiblast 

which lines it is in contact with the hypoblast of the fore-gut, and the two layers 
fuse to form an epithelial membrane, which now forms a septum between the 
primitive buccal epiblastic involution or stomodteum and the fore-giit (fig. 117, 
p.v.). This stage is met with in the human embryo before the twelfth day (His), 
in the rabbit embryo at about the ninth day (Mihalkovics), and in the chick on the 
fourth day. 

H 2 
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The stomodffium deepens at its upper and anterior part, where it forms a 
pocket-like protrusion, which grows a certain distance into the angle formed by the 
sharp bend which the hinder part of the fore-brain now makes with the mid-brain. 




'cdl '\ 



vl:v. 




u.tx-r 



--cUZ. 



Fig. 117. — PKOPILE view op a human embryo of about 15 days, with the alimentary OANAl 
SHOV/N IN longitudinal SECTION. (His.) 

Fig. 118. — Similar view op a somewhat older embryo. (His.) 

1, 2, 3, 4, 5, are opposite the respective secondary cerebral vesicles ; from the side of the fore-brain 
the primary optic vesicle is seen projecting ; ot. otic vesicle ; ji.v., sepinm between mouth and pharynx 
(primitive velum) ; I, commencing liver in septum transversum ; v, vitelline stalk ; all, allantois enclosed 
within allantoic stalk ; j v. , jugular vein ; c.v., cardinal vein ; s.r., sinus venosus within septum trans- 
versum ; u.a., umbilical (allantoic) artery; l.u.v., left umbilical vein; end., endothelial tube of heart. 
The sharp curve of the trunk of tlie embryo towards the yolk-sac is normal at this stage. 

In fig. 117 the otic vesicle is still open, and there are only two aortic ai'ches ; in fig. 118 the otic 
vesicle is closed ; there are now five aortic arches. The primitive velum has disippeared. 



This pocket (Eathke) is the hypophysis cerebri, or pituitary involution of the buccal 
epiblasfc, and comes presently into connection with the infundibular protrusion of the 
neural epiblast, the two together forming the pituitary body (see p. 68). It lies 
just above and in front of the pharyngeal septum. 

The remains of this septum (when it has become broken through to allow of a communica- 
tion between stomodseum and fore-gut), have been termed the priviitive velum, but the septum 
tas nothing whatever to do with the formation of the permanent velum palati, or with the 
isthmus of the fauces. The plane of the septum forms in fact an angle with the plane of the 
future isthmus faucium, so that the primitive mouth or stomodaeum does not by any means 
correspond with the permanent mouth. In fact the floor of the mouth, including the tongue, 
is developed beJiind the septum, and therefore in connection with the fore-gut rather than with 
the stomodseum, whereas the uppermost part of the pharynx, including the choanse, is in front 
of the septum, and therefore belongs to the stomodaeum. 
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The shallow and widely open sfcomodEeum soon deepens and is now seen 
to be specially bounded by certain prominences placed above, below, and at the 
sides, within and from which the several parts of the face are eventually pro- 
duced (figs. 11], 119). These prominences are the fronto-nasal which projects 
over the stomodseum, and is formed primarily by the prominence of the fore- 
brain, but afterwards acquires a considerable thickening of mesoblast, which ex- 
tends into it from the basis cranii ; the mandibular or first visceral arch, which 



Fig. 119. — Pkopile view op a human bmbrto of 

ABOUT THREE WEEKS, SHOWING ALL THE 
CEPHALIC VISCERAL ARCHES AND CLEFTS. 

mx, maxillary process ; mn, mandibular arch ; 
d.C, duct of Cuvier ; jv, jugular vein ; c.v, cardinal 
vein ; v.v, vitelline vein ; u.v, umbilical vein ; u.a, 
umbilical artery ; all, allantois ; pi, placental attach- 
ment of allantoic stalk ; olf, olfactory depression ; 
ot, otic vesicle. 



after passing obliquely round the fore- 
gut, takes a ■ horizontal direction on its 
ventral side, and meets its fellow in the 
middle line, the two together forming the 
ventral boundary of the stomodseum ; and 
the maxillary process, which grows from 
the base of the mandibular arch, and 
projects on either side of the stomodasum, 
filling up the gap between the fronto- 
nasal process and the mandibular arch, 
and forming the lateral boundary. 

The separation of the stomodaeum into an 
upper or olfactory and respiratory part and a 
lower permanent buccal cavity, together with 
the changes which occur in the fronto-nasal 
and maxillary processes to produce the resultj has 
already been refened to in describing the de- 
velopment of the nose (pp. 95 to 97). 

Pharynx. — The remainder of the ali- 
mentary canal below the mouth is nearly 
simple, at first consisting, as before men- 
tioned, of a tubular portion in front — the 
fore-gut ; a shorter tubular portion behind 
— the hind-gut ; and a middle part which 
is freely open to the yolk (fig. 117). 
The hind-gut remains simple throughout, 
from its ventral aspect.^ But in front 

ance, the cephalic part becoming enlarged to foim the pharynx, while almost 
immediately behind this another enlargement forms the stomach. The hypoblast 
lining the cavity of the pharynx grows out on either side successively at four distinct 
levels, and to a less extent the epiblast dips in opposite the hypoblastic outgrowths. 
In this way eventually four deep clefts between the pharynx and the exterior become 
formed ; these are known as the cephalic visceral clefis (figs. 110, 119, in external 

' In the human embryo the allantois appears to be formed by a direct continuation of the lateral 
folds, which have united to form the main alimentary tube, while the part of the tube behind the 
allantois (bursa) appears as a blind j^rotrusion (His). 




except that the allantois grows out 
differentiation soon makes its appear- 
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appearance ; figs. 117, 118, seen from within).^ Between them, and also in front of 
the first cleft, the pharyngeal wall is greatly thickened so as to exhibit the appear- 
ance of curved bars bounding the clefts ; these bars are known as the cephalic 
visceral arches, and are five in number, viz. : the first or mandibular, in front of the 
first visceral cleft, between it and the mouth : this is the seat of formation of the 
lower jaw ; the second or ht/oid arch, between the first and second clefts ; the ihird 
or thyro-hyoid arch, between the second and third clefts, which in fishes and 
amphibia develops gill-plates, and is therefore also known as the first branchial 
arch ; the fourth between the third and fourth clefts, corresponding with the second 
branchial arch of fishes, but small and inconspicuous in man and mammals ; and the 
fiflh or second branchial still smaller and more inconspicuous, forming the posterior 
boundary of the fourth cleft, and hardly recognizable as a distinct bar in man. 
After the fourth week, and with the increasing flexure of the head, the arches become 
somewhat shifted over one another, so that the fourth arch is concealed by the third, 
and the third by the second. 

The mandibular arches early become united on the ventral aspect ; from the fifth week 
their union is complete (fig. Ill, m/j) and in man shows eventually no sign of a median groove. 
The other arches do not at first reach the middle line (His), the space between their central 
ends being occupied by the heart and pericardium ; as these shift backwards a smooth infra- 
mandibular surface is left externally. 

Development of the tongne. — ^Within the pharynx, the second and third 
arches of the two sides are separated by a forked elevation {furcula) with a median 

Fig. 120. — POSTEEIOK ASPECT OF THE VISCERAL ARCHES OF THE EMBRYO 
SHOWN IN FIGS. 116, 117, AS SEEN FROM THE INTERIOR OP THE 
PHARYNX. (His. ) 'f 

The fii-st or mandibular pair of arclies join in the middle line ; the 
second arches ai-e separated by a rounded prominence (tuberculum 
impar). Behind (below) this is the forked prominence (lurcula) 
bounding a median groove which will become the laryngeal orifice. In 
the sections of each of the iirst two arches, the included artery is seen. 
The Roman numerals are opposite the corresponding arches. 

groove, in front of which is a rounded tubercle {t. impar, 
His), which arises in the angular space between the 
first and second arches (fig. 120). The groove around 
the furcula {sinus arcuatus. His) passes laterally into 
the visceral clefts. The second and third arches afterwards unite between the 
furcula and tuberculum impar (fig. 121, A). Thus united, the junction forms an 
X-shaped mass. 

From these conjoined extremifies of the second and third arches on either side, the 
root of the tongue grows upwards and forwards as two prominences, which diverge 
in a V-shaped manner to embrace the anterior or papillary part of the organ which 
is developed from the tuberculum impar (fig. 121, B). At the angle of the V is a 
deep depression {foramen cmum) ; this leads into a diverticulum, which forms the 
median rudiment of the thyroid body. When the parts of the tongue are united, 
there is stiU for a considerable time a V-shaped groove marking the line of union 
(fig. 122), and even in the adult there is often a distinct trace of this groove {sulcus 
terminalis, His). Parallel to this, and somewhat in front of it, the papilla vallate 
are developed, and in front of these the other lingual papilte make their appear- 
ance (about the end of the second month). 

' According to His, who is con6rmed by Born and by Kblliker, these clefts are not as a rule developed 
into complete apertures in birds or mammals ; although the membranes which close them are composed 
only of juxtaposed epi- and hypoblast, the mesoblast having disappeared. 
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The furcula gives rise to the epiglottis in front (above) the aryepiglottic folds on 
either side, and the arytenoid cartilages behind (below) ; the median groove in it leads 
to the entrance of the larynx. 

Laterally the 2nd arch passes into and forms tlie palato-glossal arch, and in the visceral 
cleft behind this the tonsil develops ; but the 3rd arch does not form the palato-pharyngeal 
arch ; this is developed from the palatine outgrowths of the maxillary processes. 

The visceral arches were first described by Eathke, in 1825. They are often dis- 
tinguished as the poit-huccal visceral arches ; certain pai-ts in front of (above) the mouth 





Fig. 121.— Similar views of the same parts in older embryos. (His.) A. '/, B. « 

T, tuberculum impar. 

being considered by some morphologists to rtpresent pra-buecal arches. The visceral clefts 
lying between the arches are, as has been stated, four in number. The first is often known as 
the liyomandilular cleft : it is this one which is concerned with the formation of the 

Fig. 122. — Similar view in a considerably older 

EMBRYO, BUT LESS MAGNIFIED. (His.) 

Eustachian tube and middle ear as already de- 
scribed. The three remaining clefts, which repre- 
sent gill-slits of fishes and amphibia, appear, from 
the results of recent observations, to be closed in 
amniotic vertebrates at all periods of foetal life 
(see note on previous page). In some fishes the 
branchial arches and clefts are more numerous 
than in other vertebrates, and in a few the hyoid 
arch also develops a gill. 

Through each of the visceral arches an arterial 
arch derived from the aortic bulb passes from 
front to back reuniting dorsally in front of 
the notoohord to form the aorta. In branchiate vertebrates, branches of these vessels are 
distributed to the gills. Cartilaginous bars pass, in most vertebrates, from the base of the 
skull into each visceral ai'ch, and ossification occurring in or around them, form definite parts 
of the skeleton as will be afterwards described. In man and mammals these cartilaginous 
bars are only found in the first three visceral arches, unless the thyroid cartilage is to be 
regarded as representing the anterior (ventral) ends of the bar of the 4th arch (Callender). 
The fourth and fifth visceral arches may be considered as belonging to the neck rather 
than to the head, and the congenital fissures of the neck which sometimes occur as a mal- 
formation, and which usually open externally far down in the cervical region, have been 
regarded as due to persistence of one or more of the branchial clefts, shifted in position by the 
cervical elongation which takes place in later embryonic life. 

(Esoptagus, stomach, and intestines. — Immediately behind the pharynx, the 
fore-gut contracts again to form the oesophagus, which, in the early embryo, corres- 
ponding with the imperfect development of the neck, is very short (figs. 123, 125, A) 
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and gradually widens out into the dilatation which represents the stomach. ^ This 
organ, which is at first nearly straight (fig. 125, A, Mg), soon begins to show the con- 
Fig. 123. — Sketch of a iongitudinal section thkocgh 

THE ALIMEHTAKY CANAL OF A HUMAN EMBKYO, 
SOON AFTER THE DISAPPEARANCE OF THE PRIMITIVE 
VELUM. (His.) « 

The alimentary eanal is shaded throughout; V.K, 
section of mandibular arch ; R. T, hypophysis ; behind 
it the remains of the pharyngeal septum ; Lg, com- 
mencing lung, the future orifice of the larynx being 
opposite A' ; Mg, stomach ; Lh, liver ; Nh, yolk stalk ; 
W, 'Wolffian duct ; B, blind portion of hind gut; 
all, allantois. 

vexity of the greater curvature on the side next 
the vertebral column, and the concavity of the 
lesser curvature on the opposite border (fig. 
125, B, Mg), while the pyloric end becomes 
tilted away from the vertebral column, pro- 
ducing the duodenal loop (fig. 125, C, D). 
Finally the organ becomes turned over on 
what was previously its right side, which now 
becomes the posterior surface, and the pyloric 
extremity being also tilted over, the duodenal 
loop is thus thrown over to the right side of the 
abdomen (fig. 126). The small intestine is also 
at first quite short and straight, with a wide 
aperture to the yolk-sac (fig. 125, A, v\'&), 
but gradually lengthens as the communication 
with the yolk-sac becomes more contracted, 
and (besides the loop formed by the tilting of 
the pylorus) develops a long Y-shaped loop 
opposite the attachment of the vitelline duct 
(fig. 125, C, D, and fig. 127). 

The loop of intestine to wMcli the vitelline duofc 
is attached passes, for a time, into the umbilical 
cord, close to its attachment, enclosed in a protrusion of the peritoneal cavity (fig. 124). It 
occasionally remains in this situation until late in f cetal life. 

Fig. 124. — Sketch of the human embeto of the 

TENTH week, SHOWING THE COIL OF INTESTINE IN 

THE UMBILICAL CORD. (Allen Thomson.) 

The amnion and villous chorion have been opened and 
the embryo drawn aside from them ; c, umbilical vesicle, 
connected with the coU of intestine, i, by a small, almo-st 
linear tube. The figure at the side represents the first 
part of the umbilical cord magnified ; i, coil of intes- 
tine ; ri, vitelline-intestinal duct, alongside of which 
are seen omphalo-mesenteric blood-vessels. 

The mesentery is developed by a thinning 
out and extension of the mesoblastic tissue 
which lies between the intestine and the 
vertebral column. It .forms a continuous membrane along the whole length of the 
alimentary canal from the stomach to the rectum, although the part attached to the 

' It has been shown (Balfour, Meuron) in most vertebrates — mammals excepted— that at a certain 
period of development the lumen of the (esophagus becomes for a time completely obliterated at its upper 
extremity. 
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Fig. 125. — Profile sketches of successive stages is the developmeht of the alimentary canal 

IN THE human embryo. (His. ) 

Ch, notochord ; Sd (in B), median rudiment of thyroid ; P, pancreas ; Lhrj, bile duct ; Ds, vitelline 
duct ; Zg (in and D), tongue ; N, pevmanent kidney ; d (in D), cloaca ; An, anus in course of form- 
ation ; Sg, sexual prominence ; St, tail ; Cc, coeonm coli ; Tr, trachea ; K, larynx. The other letter- 
ing as in fig. 123. 
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stomach is known as mesogastriam and the parts attached to the future colon and 
rectum are termed respectively mesocolon and mesorectum. The stomach begins to 
assume its characteristic shape while still lying with its longitudinal axis in the 



Fig. 126. — Front view of alimentaev canal, kather less advanced in 

DEVELOPMENT THAN THAT SHOWN IN FIG. 125, D. (His.) \" 

The pliarjnx and upper part of oesophagus, and tcruiination of the large 
intestine are not represented. Lettering as in fig. 125. 

median plane of the body ; it is then seen that the mesogastrium 
passes to its greater curvature (fig. 127), which, therefore, is 
that corresponding to the mesenteric border of the intestine. 
And as the pyloric extremity of the stomach and lesser curva- 
ture are tilted forwards and upwards, and at the same time 
the' whole organ turns over on its right side, the mesogastrium 
becomes proportionally lengthened to permit of this change of 
position, and the right surface of the stomach (now posterior) 
rests against the anterior surface of what was previously 
the right side of the mesogastrium, the mesogastrium thus 
coming to form the posterior boundary of the omental sac (fig. 
128). From near its attachment to the stomach a free fold 
subsequently grows over the intestines, and becomes the great 
omentum. 
The gastro-hepatic omentum is formed by the gradual thinning of a mass of 
mesoblastic tissue which from the first connects the ventral wall of the stomach with 
the anterior wall of the abdomen, and within which the hypoblastic outgrowth 









Fig. 127. — DlAflKAM OP THE MESENTERY, STOMACH AND INTESTINE OF A HUSIAN EMBRYO OF SIX 

WEEKS. (Toldt. ) 

si, stomach; g.c, greater curvature; l.c, siLaller curvature; mg, mesogabtrium ; sp?, spleen; 
p, pancreas ; c. csecum ; r, rectuni ; me, mesentery ; ao, aoi-la ; d, cceliac axis ; s.mes.a, i.mes.a, supe- 
rior and inferior mesenteric arteries. 

Fi". 12S. — Diagram .of. a seotios across the abdomen of a human embryo of the third 

MONTH. (Toldt. ) 

I I liver ; /i, kidneys ; g.o, great omentum ; ;/.o', omental sac ; s.o, small omentum. (The dotted 
linu has not been carried quite far enough.) The other letters as in fig. 127. 

which forms the liver becomes developed. The part of this mesoblastic connexion 
which lies between the liver and stomach becomes the gastro-hepatic or lesser 
omentum, and its free border which was at first directed downwards (caudal wards) 
becomes with the descent of the stomach directed anteriorly (ventrally), and eventu- 
ally with the turning of that organ laterall/ it .also is directed towards the right, and 
thus comes to form the anterior boundary of the entrance into the omental sac. 
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The large intestine is not at first marked off from the small by any difference in 
calibre. Its commencement is distinguishable about the sixth week in the human 
embi^o by the appearance of the csecum, which gradually grows out (figs. 125, D, and 
127), forming at first a lateral protrusion of uniform calibre, but subsequently re- 
maining nan-ow at its Wind extremity to form the vermiform appendix, while the 
remainder of the caecum and the colon increase in size. This protrusion occurs on 
the U-shaped loop above described, and a little beyond the attachment of the 
vitelhne duct. 

With the increasing length of the gut it becomes thrown into coils, and the 
earliest and most important of these is that by which the limb of the U-shaped loop 
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Fig. 129. — Diagrams illostkatino the development of the geeat omentum. (0. Hertnig.) 

A, earlier stage. 

B, later stage. 

«f, stomach ; s.o, small omentum ; g'.o', omental sac ; o', mrsogastrium, springing from the 
posterior wall of the abdomen, near which in A it encloses the pancreas ; o^, attachment of mesogastrium 
to greater ciu-vature of stomach ; o**, fold of mesogastrium or great omentum growing over coils 
of small intestine; me, mesentery; m.c, transverse mesocolon; o^ (in B), dotted line showing the 
situation of that lamella of the mesogastrium which at first assisted in enclosing the pancreas but. 
which has now disappeared. The next part of this lamella has coalesced with the adjacent lamella of 
the transverse mesocolon, and has also disappeared. The coalescence is indicated by the black line. 



with which the large intestine is continuous turns over on to the right side of the 
peritoneal cavity, and thus throws the colon in an archlike disposition aci'oss the 
commencement of the small intestine, and parallel with the longitudinal axis of the 
stomach (commencement shown in fig. 126). Within this arch of the large intestine 
the coils of the jejunum and ileum become disposed as the intestine lengthens. 
Their mesentery spreads out at its intestinal attachment so as to adapt itself to the 
increasing length of the gut, while its vertebral attachment, relatively much shorter, 
loses to a great extent its primitive disposition, and acquires .oblique and transverse 
lines of attachment ; this is notably the case with the transverse mesocolon. 

Although the mesentery in most parts increases in length and expansion with the further 
growth of the intestine, the contrary is the case with the mesentery of the duodenum, and of 
the ascending and descending colon. All these parts possess at first a complete mesentery like 
the rest of the intestine, but that of the duodenum di^ppears entirely, so that this part of the 
intestine becomes fixed to the posterior wall of the abdomen, and the same process takes place 
to a lesser and variable extent with the ascending and descending mesocolon. Since the trans- 
verse colon lies across the abdomen immediately below the stomach, it and its mesentery, trans- 
versely disposed, also lie immediately below and behind the mesogastrium (now folded into the 
great omentum). The two membranes come in fact into close contact, and eventually com- 
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pletely adhere (tth month and onwards) ; and this causes the pancreas to appear to lie alto- 
gether behind the peritoneal cavity, in place of being situated between the two layers of the 
mesogastrium as is at first the case in the human embryo, and as is frequently found in other 
mammals during life. 

The free or floating part of the great omentum is formed by an extension of that part of 
the omental fold which turns upwards towards the greater curvature of the stomach from 
the surface of the transverse colon. The fold is at first clearly double, and in some animals 
remains so, but in man its two layers coalesce a little while after birth, and after a year or 
two can no longer be separated. It extends gradually, first over the transverse colon (third 
month), later over the coils of the small intestine. 

The spleen becomes formed within the substance of the mesogastrium (fig. 
127, spl). It is developed wholly from mesoblast, and in close connection with the 
pancreas. It appears during the second month in the human embryo, and grows 
slowly during foetal life, the Malpighian corpuscles being the last parts to appear. 

Formation of the anus. — The anal invagination of the epiblast, which eventu- 
ally by absorption of the septum between it and the hypoblast of the hind-gut opens 
into the alimentary tube, is termed the proctodmum. The junction with the hind- 
gut occurs at a little distance from the posterior extremity, so that there is a blindly 
terminating post-anal or subcaudal portion of the gut beyond the junction with the 
proctodeum ; this, however, shrinks and disappears even before the absorption 
of the septum. This part of the hind-gut represents a cloaca, since it receives 
through the allantois the ducts of the urinary and genital organs. The sepa- 
ration of the permanent anus from the urogenital orifice, which occurs in aU 
mammals above monotremes, is the result of a later process of development (see 
p. 127). 

In mammals the actual amount of proctodsal invagination is very small. The 
septum between the hind-gut and the exterior (anal membrane) is throughout formed 




Fig. 130. — Longitudinal section thkough the postekiok end op a sheep's emeeto, showing the 

ANAL MEMBRANE. (Boimet. ) 

ep, epiblast ; hy. hypoblast ; mes, mesoblast ; h.g, hindgut ; am, amnion ; an, anal membrane ; 
23. s, primitive streak ; all, allantois-nidiment. 

by two epithelial layers only, viz., hypoblast and epiblast, which here are in contact 
with one another without the intervention of mesoblast (fig. 130, an). This con- 
dition of juxtaposition of the two layers is in fact directly derived fi-om the union 
of the two layers which occurs at the primitive streak and groove, and if the latter 
be looked upon as representing the blastopore, the anus may in a sense be considered 
to be formed from a part of that aperture. In some lower vertebrates the anus has 
been shown to be directly produced from the blastopore. 
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FOEMATION OF THE GLANDS OF THE ALIMENTAUY CANAL. 

Under this head may be iucluded not only those organs which are ordinarily so 
termed, but also the lungs, and the thymus and thyroid bodies, since the early 
development of these three organs resembles that of the true secreting glands. 

All the organs above enumerated are formed as epithelial involutions, either solid 
at first and afterwards becoming hollowed out, or hollow from the first. As these 
epithelial buds grow into the mesoblast, they may either bifurcate or give off lateral 
branches, and in this manner all the ramifications of the ducts of the compound 
racemose glands are produced. The blind extremities generally end eventually iu 
enlarged tubular or saccular dilatations. All the epithehum of the gland-sacoules 
and ducts is derived from the original epithelial sprout, while the basement 
membranes and connective tissue and blood-vessels of the gland are derived from the 
surrounding mesoblast. The salivary glands and most other glands of the mouth, 
and part of the hypophysis, which must also be reckoned as a glandular development, 
are formed in this way by involution of the buccal or stomodaeal epiblast ; while the 
lungs, liver, pancreas, thyroid, thymus, and all the small glands of the rest of the 
alimentary canal are formed of involutions of the hypoblast. The development of 
the teeth, which also first make their appearance as involutions of stomodseal epiblast 
(enamel germs), will be described after their structure has been dealt with (in the 
part of this work which is devoted to Splanchnology). 

The lungs. — The lungs begin to develope from the ventral part of the pharynx 
at its junction with the oesophagus, in the beginning of the third day in the chick. 





Fig. 131.— LUNQ RUDIMENTS OP HUMAN EMBRYO OF ABOUT 4 WEEKS, SHOWINS THE BUD-LIKE 
ENLARGEMENTS WHICH REPRESENT THE LOBES OF THE FUTURE LUNGS. (His.) 

Three buds are seen on the right side, two on the left. 
Fig. 132.— Lungs of a human embryo moke advanced in development. (His.) 

and in the human embryo at a correspondingly early period (fig. 12S, Lg). The 
lung rudiment is at first single and median, and takes the form of an elongated 
vertical diverticulum of the fore-gut, communicating freely with that tube, and of 
course lined by hypoblast. Soon the diverticulum sprouts out at its lower extremity 
in the form of two tubes which grow downwards on either side behind and on either 
side of the heart, into a mass of mesoblastic tissue, which keeps pace in its growth 
with the hypoblastic lung rudiment, and from which the connective tissues of the 
future lung become ultimately developed. The extremities of the tubes in question 
are early seen to be dilated and lobulated (fig. 131), three lobules being present on 
the right tube, and two on the left, the division of the. lungs into their lobes being 
thus early indicated. 

The further outgrowth of the lobulations produces the rudiments of the principal branches 
of the bronchi, one for each future pulmonary lobe, and each of these branches then gradually 
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Fig. 133. — LtTNGS OF A HUMAN EMBRYO 
STILL MORE ADVANCED. (His.) 



progresses in growth, giving off as it proceeds lateral divertioxila, whlcli form the secondary 
bronchi, and these again giving off others until the -whole complicated bronchial ramification 
is eventually produced. Like the first sprouts from the median diverticulum, all the secondary 
and other sprouts are dilated at their tei-mination, and have a lobulated aspect (fig. 125, Lg ; 

figs. 131, 132, 133. This is due to the fact that they 
are undergoing a further division or sprouting. This 
process goes on until the sixth month of intrauterine 
life, by which time all the dilated ends of the growing 
and sprouting tubes have reached, the surface of the 
lung. These dilated extremities which now appear 
grouped together, and apparently springing several 
from a common tube, form the infundibula, but their 
walls are not at first beset with air-cells. The forma- 
tion of these takes place when the bronchial ramifica- 
tion is completed (sixth month, KoUiker), as small, 
closely-set, pouch-like protrusions of the walls of the 
infundibula, and of the terminal bronchial tubes. 

The trachea and larynx are formed by a 
separation from the oesophagus of the original 
median diverticulum, from the lower angles of 
which the bronchial rudiments have sprung, the 
separation commencing below, and leaving a 
relatively small connection between the two 
tubes above : this connection is the rudimentary glottis. As development advances, 
both the traoheo-laryngeal and the oesophageal tubes lengthen, the latter relatively 
more than the former, so that the lung rudiments no longer lie, as was the case at 
iirst, in front of and on either side of the stomach, but extend downwards somewhat 
short of that organ (fig. 125), separated from one another by the oesophagus behind, 
and the heart and pericardium in front. As they thus grow backwards with the ' 
lengthening of the trachea, the lung rudiments project into the anterior part of the 
body-cavity or ccelom (dorsal portion), and receive a covering from its lining mem- 
brane, at first only below and on the external surface, but subsequently on the 
internal aspect, so as to separate them from the oesophagus. The portions of the 
body-cavity into which the lungs project become shut off from the remainder on 
the formation of the diaphragm and pericardium, and form the pleuraB. 

The pulmonary blood-vessels are comparatively late in being developed, the 
arteries penetrating into the lung tissue only on the twelfth day in the chick. 

The thyroid hody is developed partly as a median diverticulum of the pharyn- 
geal hypoblast opposite the ventral ends of the second visceral arches (fig. ] 25, B, Sd); 
partly as a (bilateral) diverticulum of the posterior wall of the fourth visceral cleft. 
The median diverticulum in most animals early becomes separated from the 
pharyngeal hypoblast, and is thus converted into an island of epithelium imbedded 
in mesoblast. In the human embryo, as His has shown (fig. 134, A, thr), it remains 
for some time in the form of a hollow bifid vesicle, which is connected with the upper 
surface of the tongue by a small duct {ductus thyreoglossus, d) ; subsequently, however, 
the vesicle becomes solid, and the duct is obHterated and disappears, with the 
exception of a small portion near the orifice, which becomes con^-erted into the 
foramen carum of Morgagni,/.f. 



Occasionally even in the adult a comparatively long duct is found, leading downwards 
and backwards from the foramen caacum. This, which has been termed the ductiix Ungvalin. 
is the remains of the original thyrolingual duct connecting the median part of the thyroid 
with the tongue. It may further happen that the lower part of this connection also remains 
in the shape of a tubular prolongation of the median portion of the thyroid towards the root 
of the tongue (diu-Uis thryoidevs ; when well developed this forms the pyramid'). The so- 
called accessory thyroid bodies (supra-hyoid, prshyoid glands, &e.) which are occasionally 
found near the hyoid bone, aie also referable to the thyrolingual duct (His, Anatomic 
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menscliliohei' Embryonen, iii., p. 101, where reference to the literature of these accessory 
thyroids may be found). 

The bilateral diverticula, whicli assist in the formation of the thyroid body, spring 
from the fourth visceral cleft (Bora) (fig. 135, thr). They have at first the appearance 
of simple saccular glands partially encircling the developing larynx (fig. 134, thr'). 
In front of this they come into connection with the median rudiment, and eventually 
blend with it. Like that rudiment, they become entirely separated from the hypo- 
blastic surface from which they have taken origin, their cavity disappears, and they 
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Fig. 134. — Sketches showing the condition of the thtkoid and thtmds glands in a human 

EMBKTO or about FIVE WEEKS. (His.) 

A, profile sketch from the left side. 

B, frontal sketch from behind. 

i, tongue ; /c, foramen ccecum ; c?, ductus tbyreoglossus ; e'p, epiglottis ; opposite Z, larynx ; tv, 
trachea ; os, oesophagus ; thr, median rudiment of thyroid ; tW , lateral rudiment of thyroid ; tKm, 
developing thymus, seen on the left side of B to be connected with a visceral cleft ; ao (in B), aucending 
aorta ; ao', descending aorta ; c, carotid. 

are converted into ramifying and anastomosing cell-cylinders, between which vascular 
connective tissue becomes developed. The cell-cylinders subsequently become hol- 
lowed out, and finally are subdivided by growth of the connective tissue into small 
vesicles, which gradually become larger from accumulation of colloid in their interior. 

In most Vertebrates, the lateral and median parts of the thyroid remain distinct ; the 
former are the organs known as svpra-pericardial iaflh'S in elasmobranchs, and as accessory 
thyroids in other animals. Only in mammals do they become united into one organ as 
in man. 

The thymus is also developed as a growth of the epithelium (hypoblast) of some 
of the visceral clefts ; in birds from the third and fourth (fig. 135, thym), in reptiles 
from the second, third, and fourth, and in lower Vertebrates from several clefts (de 

Fig. 135. — Diagram showing the visceral clefts from which the 

THYMUS AND LATERAL PARTS OF THE THYROID ARE DEVELOPED IN 

THE CHICK, (de Meuron. ) 

1, 2, 3, 4, Indicate the corresponding visceral clefts ; thym, rudiments of 
thymus ; thr, median rudiment of thyroid ; thr', lateral rudiments of 
thyroid. 

Meuron). In mammals the thymus appears as a (bilateral) 

tubular prolongation backwards of the extremity of the 

third visceral cleft (Kolliker), receiving, according to do 

Meuron, an accession from the hypoblast of the fourth cleft, 

as in birds. The tube, which has a narrow lumen, and 

comparatively thick epithelial lining, is surrounded by vascular connective tissue, 

within which numerous lymphoid cells become accumulated, and grows downwards 

along the side and in front of the trachea, where, in mammals, it generally unites 
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with its fellow to form a median organ. Its lower end then gives off solid, bud-like 
excrescences, and lateral buds come off again from these, so that this part of the 
organ acquires a ramified, lobulated appearance like an acinous gland. The acini are, 
however, solid, and remain so, although the upper end of the tube still has a narrow 
lumen. 

The lymphoid cells next invade the epithelium, growing into every part of the 
tubular gland, and converting it into a mass of adenoid tissue. In this process the 
epithelium becomes broken up into small isolated portions, some of which remain in 
the medullary portion of the lobules as the epithelial nests which are seen in sections 
of the fully developed organ, and are known as the concentric corpuscles of Hassall. 

The liver. — This organ arises in the form of two diverticula of hypoblast, which 
grow from the ventral wall of the duodenum immediately beyond the stomach (figs. 
117, 118, ?, 123, LV). They extend into a mass of mesoblastic tissue which connects 
the stomach and duodenum with the anterior wall of the abdomen, and which (with 
the mesentery, with which it is continuous round the gut) separates the body-cavity 
here into a right and left half. In this tissue is the omphalomeseraic or vitelline 
vein (and later the umbilical vein) proceeding on either side to the sinus venosus, 
and the liver diverticula grow into the mesoblast above and in front of these veins. 
Here they ramify, giving off solid buds of cells which grow into columns or cylinders, 
and these again give off lateral diverticula of the same kind. So far the development 
of the liver resembles that of a compound tubular or acino-tubular gland, except that 
the ramifications of the original gland diverticula are from the first solid instead of 
hollow. But soon an important difference appears in the fact that the cylinders 
unite and anastomose with one another everywhere to form a close network, and 
from the cords of this network solid sprouts are again constantly being given off to 
form fresh cylinders, thus producing a yet closer and more intricate network. In 
the meantime, capillary blood-vessels are formed in the mesoblastic tissue in which 
this formation of cell-cyhnders of hypoblast is going on, and these vessels, which 
form a network interlocking with that of the anastomosing cell-cylinders, become 
connected with branches of the vitelline vein on the one hand {vmce. advehentes), 
and on the other with veins {vmm revehentes) which pass towards the sinus venosus, 
and eventually are found opening as the hepatic veins into the inferior vena cava. 

The two original hollow diverticula are the rudiments of the right and left hepatic ducts. 
The common bile duct is formed later by a protrusion of that part of the duodenal wall with 
which the original diverticula are connected. This protrusion also eventually receives the 
duct of the pancreas, which becomes shifted towards it. As the common bile duct lengthens, 
the liver becomes separated from the duodenum, with which it was at first in close connection. 
The portal and interlobular bile ducts are formed by the hollowing out of some of the 
anastomosing cell-cylinders, so that a lumen is produced within them surrounded by hepatic 
cells, which lose their original polyhedral character, and become changed into the columnar 
epithelium of the ducts, the anastomoses between the ceU-cylinders here disappearing. 
The remaining cylinders form the secreting substance of the liver. The biliary canaliculi 
appear as minute passages between the cells, and come into continuity with the bile ducts. 
With a further development of the connective tissue of the organ, the glandular substance of 
the liver, which was at first continuous throughout, becomes separated into lobules, and the 
network of cell-cylinders tends with multiplication of their cells to become fused into a con- 
tinuous mass within each lobule, the bile canaliculi forming by numerous lateral junctions and 
anastomoses a close network of intercellular passages -within the lobule. 

The g-all bladder and cystic duct are formed by a diverticulum from the common bile 
duct, which appears in the second month. 

In the elasmobranch fishes,- and in amphibia, there is only a single hepatie diverticulum. 
The anastomosing cell-cylinders which sprout from this are not solid, but hollow, with a 
narrow lumen, and the liver has from the first and retains permanently the character of a 
compound gland formed of anastomosing tubules. In reptiles the cylinders also have from 
the first a naixow lumen. In birds and mammals the cylinders are solid, as in man. 

As the liver growS, it projects dn either side into the pleuroperitoneal cavity. The 
mesoblast which unites it to the anterior wall of the abdomen, becomes thinned out to form 
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che suspensory ligament. That which unites it to the ventral wall of the stomach and duo- 
denum also becomes thinned out ; it forms the small or gastro-hepatic omentum. The liver is 
at first an exactly symmetrical organ, the right and left lobes being equal in size and 
symmetrically placed. After the fourth month the right lobe begins relatively to increase in 
size, and at birth the proportion of this to the left lobe is as 1'6 to 1. The liver also at first 
grows very rapidly, so that by the second month it nearly fills the abdomen, and causes a 
well marked prominence on the ventral aspect of the embryo. At this time it is calculated to 
constitute nearly one half the weight of the body. The proportion, however, gradually 
decreases, until at term the relative weight of the liver to the whole body is as 1 to 18. The 
further changes which the blood-vessels which pass to the liver undergo will be considered 
with t}ie development of the venous system. 

The pancreas is developed as a hollow hypoblastic diverticulum from the dorsal 
waU of the duodenum opposite the hepatic diverticula, and somewhat later than these 
(fig. 125, B, 0, D, P). This hollow process grows into the mesogastrium or gastro- 
duodenal mesentery, which at this time is well developed, and ramifies within this, 
producing by its ofi-shoots the ducts and alveoli as with other compound acinous 
glands. As the duodenal loop becomes formed, and this and the pyloric end of the 
stomach are turned over towards the right side, the pancreas loses its median sym- 
metrical position, and with the mesentery which encloses it now lies across the back 
of the abdomen. This is the condition in which the gland is found in most mammals. 
But in man, with the fusion of the mesogastrium (great omentum) to the transverse 
mesocolon, the posterior layer of the mesenteric fold which encloses the pancreas 
becomes absorbed (Toldt), and the gland becomes fixed across the back of the 
abdomen, and is now apparently altogether behind the peritoneum (see fig. 129). 
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DEVELOPMENT OF THE TTEINAIIY AND GENERATIVE ORGANS. 

The urinary and generative organs originate in connection with the intermediate 
cell-mass, a portion of mesoblast which is seen in sections of the early embryo lying 




rig. 136. — Part of a transveksb section op a chick embryo op 2 bats, 6 hours. (Kblliker.) 'V' 

uw, protOTcrtebra ; mp, lateral mesoblast ; dfp, splauchnopleuric mesoblast ; hp, somatopleuric 
mesoblast ; p, pleuro-periton^al cleft (ccelom) ; wg, WolfSau duct ; wh, part of intermediate cell-mass 
from which Wolffian body will become developed. 



■between the paraxial mesoblast and the pleuro-peritoneal cleft, and abutting against 
the external epiblast (fig. 39, p. 37). 



.Fig. 137. — Section through an external glomerulus 

OF THE pronephros FROM A CHICK OP ABOUT 4 DAYS' 

INCUBATION. (Balfour. ) 

gl, glomerulus ; ge, peritoneal epithelium ; Wd, Wolffian 
•duct ; ao, aorta ; me, mesentery. 
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Some of the cells of this intermediate cell-mass 
become differentiated into a longitudinally run- 
ning cord, which subsequently acquires a lumen, 
and is then known as the Wolffian duct (from its 
•discoverer, Caspar Friedrich Wolff) (fig. 13 6, wg). 
Posteriorly the duct opens into the cloaca. The 
anterior part of the duct becomes connected with 

invaginations of the peritoneal epithelium, between which vascular glomerali project 
freely into the peritoneal cavity (fig. 137). These glomeruli constitute the head 
kidney, fore-Jcidney or p'onephros} Along its inner side, somewhat further back- 

' Hertwig. According to Balfour and Sedgwick, these glomeruli form the anterior part of the 
Wolffian body, and the head kidney is rep^'esented by the MuUerian invaginations referred to later on 
Xsee p. 122 and fig. 145).' 

I 2 
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wards, a series of transversely coursiag tubes becomes developed in the intermediate 
cell-mass. These tubes are connected for a time with other involutions of the 
peritoneal epithelium (fig. 141), but subsequently lose their connection with that 
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Fig. 138. — Diagrams of the arbangement of the urinary and genital organs in eeasmobranchs-.. 

(Balfour.) 

A.— Diagram of the primitive condition of the kidney in an elasmobranch embryo. 

pd, segmental duct ; opening at o, into the body cavity and at its other extremity into the cloaca ;■. 
X, line of separation between the Wolffian duct above and the Mullerian duct below ; it, segmental tubes,, 
opening at one end into the body cavity and at the other into the segmental duct. 

B. — Diagram of the arrangement of the crino-genital organs in an adult female 

ELASMOBRANCH. 

m.d, Mullerian duct ; wA, Wolffian duct ; s.t, segmental tubes ; five of them are represented withi, 
openings into the body cavity, and five posteriorly correspond to the metanephros ; or, the ovary ; d, 
ureter. 

C. — Diagram of the arrangement of the urino-genital organs in an adult male, elasmobranch.. 

m.d, rudiment of Mullerian duct ; w.d. Wolffian duct, serving at iid as vas deferens ; s.t, segmental 
tubes, two represented with openings into the body cavity ; d, ureter ; t, testis j nt, canal at the base 
of the testis ; V.E, vas efferentia ; Ic, longitudinal canal of the Wolffian body. 



epithelium, and acquiring glomeruli at one part, at another part open into the 
Wolffian duct. They form the mid-kidney. Wolffian body or mesmiephros, which. 
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presently projects as a distinct vascular organ along the dorsal part of the peritoneal 
cavity on either side of the mesentery. Subsequently another duct becomes deve- 
loped along the outer side of the Woffian body, along which it runs backwards to 
open also into the cloaca : in fi-ont it communicates with the pleuro-peritoneal cavity 
by one or more funnel-shaped apertures (fig. 143, z). This is the MUllerian dmt, so 
named after Johannes Miiller ; in some of the lower vertebrates it arises in common 
with the Wolffian duct. From the lower end of each Wolffian duct a hollow pro- 
trusion (fig. 125, C and D, N) grows upwards into a mass of mesoblast continuous 
with that of the Wolffian body ; with the branches of this protrusion glomeruli and 
convoluted tubes also become connected, and thus the permanent kidney {hind-Mdney, 
metanephros) is produced. Lastly, the ccelomic epithehum covering the inner side of 
the Wolffian body becomes thickened (fig. 143, a), and within it are found larger 
«ells, from which the generative products in both sexes (ova and spermatozoa) are 
■eventually derived. This epithelium is accordingly known as the germinal epithelium. 
The duct of Miiller becomes in the female the oviduct or Fallopian tube ; in the 
male it becomes atrophied. The Wolffian duct in the male becomes the epididymis 
■and vas deferens ; while the vasa efferentia and tubes of the rete testis are formed 
as outgrowths from the Wolffian body ; in the female these parts have no permanent 
function. 

The head kidney, although permanent and functional in fishes, is only a rudi- 
mentary organ in the embryo of higher vertebrates, and soon disappears. The 
Wolffian body is well developed in all vertebrates ; in fishes and amphibia it is an 
important part of the permanent urinary apparatus, and also serves to carry away 
the male sexual products (fig. 138). In higher vertebrates (amniota) it no longer 
continues to perform excretory functions, but still supplies the efferent apparatus of 
the testis. 

The details of the development of these parts may next be considered. 

The Wolffian duct and body. — The commencement of the Wolffian duct is 
seen at a very early period of development (second day in the chick, eighth day in the 
rabbit) as a thickening of the intermediate cell-mass in the anterior region of the 
trunk (fifth somite) (fig. 139, Wd). The outgrowth projects towards the epiblast, and 
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Tig. 139. — Tkaiisvekse section op an embryo chick of thirty-six hours, 'f (E. A. S.) 

n.c, medullary tube ; p, protovertebra ; ep, epiblast; me, lateral mesoblast split into splanchnopleure 
■and somatopleure ; cce, pleuro-pentoneal cavity between them ; ca!, cavity of protovertebra, continuous 
•on the right side with the lateral mesoblastic cleavage; W.d., Wolffian duct; W.I., mesoblast of 
Wolffian body ; ch, notochord. 

developes from before backwards ; a solid cord of mesoblast thus becomes formed, which 
:gradually becomes detached from the remainder of the intermediate cell-mass, lying 
■close to the epiblast (fig. 142, w.d.). Soon after it is thus formed, a lumen appears in 
it and extends both forwards and backwards. The posterior end, which is still solid, 
is presently found to be attached to the epiblast, and apparently continues to grow 
.backwards along and at the expense of the epiblast until it reaches the posterior end 
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of the body, where it becomes detached from the epiblast, and is connected with and 
opens into the hind- gut (cloaca). 

I have here followed what has appeared to me the most probable account of the origin of 
the duct (Martin, Strahl), but it is right to state that in the opinion of some observers 
(Hensen, Spee, Flemming) the formation and growth of the duot in connection with the- 
epiblast is primarv, especially in mammals, and the duot is originally formed by a longitudinal 
thickening and involution of the epiblast, which only secondarily becomes connected with the 
intermediate cell-mass. Compare also Haddon, Origin of segmental duct, Proc. Hoy. Dublin 

Society, Vol. Y. , j -^ ^ 

In teleosteans (Eosenburg) and amphibia (Gotte) the "Wolffian duct has been described as 
developing in the form of a longitudinal groove-like invagination of the somatopleural meso- 
blast (Balfoui-, Comp. Emb., vol. ii., pp. 580, 582), but more recent researches appear to indi- 
cate that in these animals also the epiblast may be concerned in its formation. 

The Woffian body developes in the intermediate cell-mass between the "Wolffian; 
duct and the body-cavity as a series of transverse tubes which lie at right angles to- 
the course of the Wolffian duct, and open into it at regular intervals. The usual 




Fig. 14:0. — Transverse bec- 

TIOH Of THE TRUNK OP A. 
OAT EMBRYO, SHOWING THE 
VESICULAR STAGE OP THE. 
WOLFFIAN TUBULES. 

(E. A. S.). 

m.p., muscle plate ; aa,. 
aorta ; mg., mid-gut ; am,. 
amnion ; w, vesicle of Wolffian 
body ; w.d., Wolffian duet ;. 
cce, ocelom. 



mode of formation of 
these tubes — which are 
sometimes termed seg- 
mental tubes — appears- 
to consist in the accu- 
niulation at regular intervals, corresponding with the somites, of rounded masses, 
of mesoblast on the mesial or ventral side of the Wolffian duct (fig. 142, w.l).), 
which masses become afterwards hollowed out so as to form small vesicles, at 
first isolated, but afterwards growing towards and opening into the Wolffian, 
duct (fig. 140).i Corresponding with these vesicles there become formed invagi- 
nations of the epithelium of the body-cavity (fig. 141, st), which is thickened 
along the inner side of the Wolffian projection, and grows at regular intervals, 
towards the vesicles. These ingrowths may at first communicate by funnel-shaped 
openings, which in some lower vertebrates are lined by ciliated epithelium, with, 
the body-cavity, but the openings in higher vertebrates become closed again before- 
communication with the Wolffian duet is established. Finally, the connection 
between the Wolffian tubes and the peritoneal epithelium is completely severed, and 
the condition of simple or curved transverse tubes, blind at their inner ends and 
opening at their outer ends into the Wolffian duct, is produced (fig. 142, B). After 
a time the blind extremities are seen to be enlarged and spoon-shaped, and glomeruli 

' According to v. Wijbe the hollow condition is the primary one in elasmobrancbs, and the cavity of 
each vesicle represents an intermediate part of the coelom of the segment (meso-coelom), the dorsal 
coelom being represented by the cavity of the proto-vertebra and the ventral coelom by the pleuroperi- 
toneal space. I have myself observed this condition of a hollow intermediate cell-mass communicating, 
on the one hand with the cavity of the protovertebra and on the other with the cleft of the laterali 
mesoblast, in a chick of 36 hours (see fig. 139). 

In mammals the Wolifian vesicles are more numerous than the segments. 
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are observed developing in the bowl of the spoon from mesoblast cells, which 
presently become entirely enclosed by the end of the tube. Subsequently a second 




Fig. 141. — Tkahsveese section thkocgh the tkubk of a duck embryo with about twesty-foue 

MESOBLASiio SOMITES. (Balfour.) 

am, amnioii ; so, somatopleure ; sp, splanchuopleure ; jvd, Wolffian duct ; st, segmental tute with 
peritoneal involution ; ca.v, cardinal vein ; m.s, muscle-plato ; sp.g, spinal gangUon ; sp.c, spinal cord ; 
ch, notochord ; ao, aorta ; hy, hypoblast. 

and a third set of tubes become developed in a similar manner, but without perito- 
neal invaginations, and also open directly into the Woffian duct. Lastly, other tubes 
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Fig. 142. Tkansvekse sections of sheep embryos, showins two staoes in the development of 

THE wolffian BODY. (Bonnet.) 
w.d, Wolffian duct; w.h, Wolffian body; p.v, protovertebra ; oh, noto chord ; n.c, neural canal; 
am, amnion ; ao, aorta ; i, intestine; y.s, yolk-sac. 

with glomeruli become formed between, and open into those which are already 
connected with that duct. All these tubes are short and straight when first deve- 
loped, but afterwards lengthen and become converted into convoluted uriniferous 
tubes,' which, like those of the permanent kidneys, begin in a dilated extremity 
enclosing a tuft of capillary blood-vessels (glomerulus), which are supplied by 
branches of the primitive aortte. 
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When completely formed, the Wolffian bodies are seen on opening the abdomen 
of the embryo as long prominent vascular organs projecting into the peritoneal 
cavity on either side of the intestine, and showing in section numerous Malpighian 
corpuscles and uriniferous tubules variously cut (fig. 143). 

Soon after having attained its complete condition of development, the Wolftan 
body begins to undergo atrophic changes. These proceed much further in the 




Fig. 143. — Tkahsveksb section of ihis 

WOLFFIAN BODY OF THE CHICK ON THE 

FOUKTH DAY. (Waldeyer.) 

m, mesentery ; L, body wall ; a', thickened 
epithelium from which the involution of the 
anterior part of the Miillerian duct z, is 
taking place ; a, thickened germinal epithe- 
lium in which are seen primitive ova, o ; 
E, modified mesoblast which will form the 
stroma of the ovary ; WK, tubules of Wolffian 
body variously cut ; y, Wolffian duct. Two 
glomeruli are shown in the Wolffian body. 

female sex than in the male, but the 
tubules of the organ do not entirely 
disappear in either sex. In the 
female they form the rudimentary 
organ which is known as the par- 
ovarium i&poopJioron of Waldeyer), 
while the main tube of that struc- 
ture represents a remnant of the 
Wolffian duct. But in many animals, 
e.g., the sow, the Wolffian duct re- 
mains as the diKt of Gartner, a 
strong, slightly undulated tube, which is traceable, at first free in the broad ligament 
of the uterus, and lower down becoming incorporated with the wall of the uterus 
and vagina, upon which last it becomes lost. Traces of tliis tube can sometimes be 
seen in sections across the body or cervix of the adult human uterus, and even lying 
in the wall of the vagina. 

In the male the Wolffian duct forms the tube of the epididymis, the vas deferens, 
and the ejaculatory duct ; the seminal vesicle being formed as a diverticulum from 
its lower part. The coni vasculosi and tubuli eflTerentes are in all probability formed 
by the persistence of some of the tubules of the Wolffian body. The Malpighian 
corpuscles of these tubules have long disappeared, but previous to their disappearance 
"solid columns of epithelial cells, afterwards becoming tubules, grow from the walls of 
those corpuscles towards the germinal epithelium (fig. 153), where, in the male, they 
become continuous with and enclose cells derived from that epithelium (which 
subsequently form the epithelium of the seminiferous tubes), and thus produce the 
walls of the seminiferous tubules and the rete testis. In the female sex there is also 
a growth of solid cellular columns towards the germinal epithelium, but no connec- 
tion becomes established between them, and the columns do not become tubular. 
The organ of Giraldes and the vasa aberrantia of Haller are probably the remains 
of one or more Wolffian tubules. 

Suprarenal capsules. — These organs are intimately connected in their development with 
the Wolffian bodies. According' to the observations of Weldon some of the cellular columns 
which grow from the Malpighian corpuscles of the upper part of the Wolffian body towards 
the germinal epithelium give offsets which pass upwards towards the inferior vena cava, and 
there become developed into the cortical substance of the suprarenal capsules. (Mihalkovics, 
on the other hand, states that the strands of cells which grow from the upper part of the 
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Wolfflan body to take part in tlie formation of the suprarenal capsules have heen derived by 
proliferation from the germinal epithelium.) It had long been believed that the two parts of 
these organs, cortical and medullary, are separate in origin ; the former being derived, as was 
thought, from cells which are of mesoblastic origin, the latter being developed in connection 
v?ith the sympathetic ganglia. In elasmobranohs and some other lower vertebrates, they 
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Fig. 144. — lUIEENAL ORGANS OP A FEMALE HUMAN FffiTUS OP 3^ INCHES LONG, OK ABOUT 14 WEEKS. 

Maqnipieb (from Waldeyer). 

0, the ovary full of primordial ova ; e, tubes of the upper part of the Wolffian body formiDg the 
epoophoron (parovarium of Kobelt) ; W, the lower part of the Wolffian body forming the paroophoron 
of His and Waldeyer ; v/, the Wolffian duct ; M, the Miillerian duct, with its upper opening already 
fimbriated. 

Fig. 145. — Internal genital organs of a m.\le human embryo of 3 J inches long (from Waldeyer). 

t, body of the testicle with seminal canals formed ; e, epididymis, or upper part of Wolffian body ; 
W, Wolffian body, lower part, becoming paradidymis or organ of &iraldfes ; w', Wolffian duct, becoming 
vas deferens ; ff, gubernaoulum. 




Fig. 146. — Two figures exhibiting a comparison between parts of the generative organs in 
THE TWO SEXES (from Farre, after Kobelt). 

A. — Adult ovary, parovarium and fallopian tube. 

a, a, Epoophoron (parovarium) formed from the upper part of the Wolffian body ; 6, remains of the 
uppermost tubes, sometimes forming hydatids ; c, middle set of tubes ; d, some lower atrophied tubes ; 
«, atrophied remains of the Wolffian duct ; /, the terminal bulb or hydatid ; /*, the Fallopian tube, 
originally the duct of Mtlller ; i, hydatid attached to the. extremity ; I, the ovary. 

B. — The adult testis and epididymis. 

a, ii, convoluted tubes in the head of the epididymis developed from the upper part of the Wolffian 
body; 5 and/, hydatids in the head of the epididymis; o, coni vasculosi ; d, vasa aberrantia ; U, 
remains of the duct of Miiller with i, the hydatid of Morgagni, at its upper end ; I, body of the testis. 
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consist throughout life of two separate portions, one median and single, the other, derived 
from the sympathetic ganglia, paired ; in birds, reptiles, and mammals these distinct portions 
are combined into the two paired organs (Balfour). But in these also, as has been shown by 
Mitsukuri for mammals, the medullary or nervous part is at first distinct and outside the 
cortical, into which it gradually insinuates itself, retaining, however, its connection with the 
neighbouring sympathetic ganglia. 

The permanent kidneys arise (1) as protrusions from the posterior end of the 
Wolffian ducts (see fig. 125, C and D, IT), which grow forwards towards the lower part 
of the Wolffian bodies, and form the ureters and the collecting tubules of the kidney ; 
(2) from a portion of the intermediate cell-mass situated posterior to the Wolffian 
l)ody, and within which convoluted tubes and Malpighian corpuscles, and eventually 
the remaining parts of the uriniferous tubules become developed. But before these 
changes occur in this intermediate ceU-mass, it shifts its position relatively to the 
Wolffian body, eventually coming to lie above and behind that organ. The con- 
voluted tubes, with their Malpighian corpuscles, appear to be developed independently 
of the ureter and collecting tubes, as in the case of the Wolffian tubules and the 
Wolffian duct, a communication between them being only subsequently established. 

The glomeruli are apparent in the eighth week in the human foetus. In the 
third month the papillae are formed, and in the fourth month the loops of Henle are 
seen. The tubes are wider in the foetus than in the adult ; the expansion of the 
kidney as growth advances must therefore be due mainly to an increase in length of 
the tubules, since new tubules and glomeruli do not appear to be formed. The 
human kidney is at first lobulated, the lobules corresponding in number to the 
Malpighian pyramids, but by the end of the first year after birth, the kidneys have 
usually nearly lost their lobulated appearance. 

The tuinary bladder is formed by a spindle-shaped dilatation of the stalk of 
the allantois (second month). The upper pole of the spindle extends as the urachus 
into the umbilical cord ; it not unfreqnently remains hollow for some length vrithin 
the cord (Luschka). The lower pole of the spindle which passes towards the cloaca 
becomes the first part of the urethra of the male, and the whole of the urethra 
of the female. The rest of the male urethra is formed and enclosed by the folds of 
integument which produce the penis (see p. 128). The ureters, which are originally 
prolonged from and open into the Wolffian ducts, subsequently become shifted in 
position, so as eventually to open into the enlargement of the allantoic stalk, from 
which the bladder is formed. 

The Mnllerian duct. — In lower vertebrates, as was shown by Balfour for 
elasmobranchs, this duct takes origin by the splitting off of the ventral part of a 
longitudinal segmental or Wolffian duct, the dorsal part remaining as the "Wolffian 
duct proper, and receiving the segmental and uriniferous tubes, while the ventral part 
retains the funnel-shaped orifice, by which the segmental duct communicated ante- 
riorly with the body cavity, and comes to open posteriorly into the cloaca by an 
orifice distinct from that of the Wolffian duct (fig. 138 and fig. 147). In amniotic 
vertebrates, the process of formation of a Miillerian duct is somewhat different. 
It arises on the outer side of the already fairly well developed Wolffian body, and 
some little distance from the anterior end of that organ, as a thickening of the 
peritoneal epithelium (fig. 143, a'), which thickening becomes invaginated towards 
the adjacent Wolffian duct, in the form of three successive funnel-shaped depressions 
(fig. 148), somewhat similar to those which are connected with the previously formed 
Wolffian segmental tubes. The invaginations are connected together by a con- 
tinuous epithelial ridge, forming a cord which becomes disconnected from the 
peritoneal cavity except at the anterior invagination, and subsequently acquires 
a lumen. The short tube which is thus formed, soon begins to grow backward 
J18 a solid rod of cells, which comes in close contact as it proceeds with the Wolffian 
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duct (fig. 149). To this duct it presently adheres intimately, and then continues 

Fig. 147.— FOTJK SECTIONS THKOCTHH THE AHTEMOK PART OF THE 
SBHMENTAL BDOT OP A SCYLLIHM EMBRYO. (BalfouT. ) 

The figure shows how the segmental duct becomes split into the 
WoliBan duct dorsally and the MUllerian duct or oviduct ventrally ; 
Wd, Wolffian duct ; od, Mtillerian duct or oviduct ; sd (in D), 
segmental duct. 

to grow backwaras for a certain distance as a thicken- 
ing of the epithelium of that tube, the thickening 
becoming gradually separated off from before back- 
wards, and the lumen passing along it. Further back 
it ceases to grow thus in connection with the "Wolffian 
duct, but is prolonged as an independent cellular cord, 
which lies in a groove along the side of the Wolffian 
duct (Balfour and Sedgwick). 

Entering the genital cmA} the two Miillerian ducts 
lie at first on the mesial side of the coiTcsponding 
Wolffian ducts, but lower down pass behind them ; 
they finally come again between these ducts, lying 
close together, and, according to Mihalkovics, approach 
close to the sinus urogenitalis, which by this time is 
formed out of the ventral part of the cloaca (see p. 128) 

without actually opening into it for some time. The Miillerian ducts fuse together 
below into a single tube (second month) ; the fusion begins not at the lower end,. 





Fig. 148. — Sections fkom tIie chick showing two of the peritoneal invaginations which give-, 

RISE TO THE ANTERIOR PART OF THE MtfLLERIAN DCOT. (Balfour and Sedgwick. ) 



g/fi, second invagination ; gr^, third invagination ; r^, epithelial ridge between them ; Wd^ 
Wolffian duct. These structures form the pronephros of Balfour and Sedgwick (see note, p. 115). 



Fig. 149. — Two SECTIONS prom the chick 

SHOWING THE JUNCTION OP THE TER- 
MINAL SOLID PORTION OF THE MuL- 
LERIAN BltCT WITH THE WOLFFIAN 

DUCT. (Balfour aad Sedgwick.) 

In A, the terminal portion of the duct 
is quite distinct ; in B it has united 
with the wall of the Wolffian duct, md, 
Miillerian duct ; Wd, Wolffian duct. 

but a short distance away from 
this (fig. 150, 3), and proceeds 
both downwards towards the 
future orifice and upwards for a 

1 A name given to the thickened mass of tissue which surrounds the Wolffian ducts as they course: 
together to the cloaca behind the stalk of the allantois (afterwards the base of the bladder). 
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•certain letigUi, the amount of this upward extension of the fused ducts varying in 
■different animals. 

The united part of the Miillerian ducts afterwards forms the foundation of the 
vagina and uten^.s in the female, and the prostatic vesicle, or uterus masculinus in 






to represent in the ma^e the 



Fig. 150. — Tkinsverse sections of the 

GENITAL OOKD IN A FEMALE CALF EM- 

BHYo. Magnified fourteen diameters. 
(KoUiker. ) 

1, near the upper end ; 2 and 3, near the 
middle ; 4. at tlie lower end ; a, anterior, 
p, posterior aspuct ; m, Miillerian ducts 
uuited or separate ; w. Wolffian ducts. 

the male ; the upper or fore part of 
the Miillerian duct disappears in 
the male, in the female it forms the 
oviduct (Fallopian tube). 

The hydatids of Morgagni are 
remnant of part of the Miillerian 



iDelieved 
■duct. 

In the human embryo of the third month the uterus is bifid, and it is by the upward ex- 
tension of the median fusion that the triangular body of the uterus is produced. The bifid 
■condition corresponds -with the bicomed uterus of many animals, and the process of fusion 
above described explains the occasional malformation of a partial or complete division of the 
uterus and vagina into two passages. Tip to the fifth month there is no distinction between 
vagina and uterus. Then the os uteri begins to be seen, and the cervix uteri subsequently 
becomes manifest as a part, which is at first thicker and larger than the rest of the organ. ^ 

In some animals the prostatic vesicle of the male is prolonged into cornua and tubes like 
the uterus of the female. 

The germinal epithelium. — This name was given by "Waldeyer to the thick- 
ened epithelium lying along the inner side of the Wolffian projection (fig. 143, a). 
The cells become at first columnar, and then two, three, or even several layers thick, 
■while at the same time the mesoblast below them becomes increased in amount, and 
thus a marked projection is produced, which in some vertebrates forms a distinct 
ridge — the genital ridge. Amongst the cells of the germinal epithelium, some are 
seen which are larger and more spherical than the others, these are the primordial 
■ova (fig. 143, o), and occur in both sexes ; in fact, up to a 'certain point, the differ- 
ence of sex of the embryo is not apparent. 

Development of the ovary. — In the female sex the germinal epithelium soon 
becomes much thickened, and begins to grow down into the mesoblastic stroma in the 
form of columns of epithelium cells, which enclose amongst them some of the prim- 
ordial ova.^ These columns constitute the egg-tubes of Pfliiger (fig. 152). They 
are separated from one another by mesoblast, which grows towards and into the 
germinal epithelium simultaneously with the down-growth of the egg-tubes, and 
there is thus produced a complete interlocking of strands of connective and epithelial 
tissue, which together constitute the ovary. The egg-tubes next become broken up 
into rounded groups or " nests " of germinal epithelial cells, each of which may 
enclose one or more primordial ova. The primordial ova eventually develope into 
■ordinary ova, two or more frequently fusing together to form a single ovum (Balfour), 
while from the remaining cells in the "nest " the epithelium of the Graafian follicle 
ie eventually produced. In many of the cell nests, primordial ova cannot at first be 



' Mihalkovics states that the cells -which are to form the follicular epithelium first sink into the 
:stroma, .and that after-wards the primordial ova follow them, and become enclosed by them. 
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distinguished, but become formed subsequently by an increase in size of one or more' 
of the cells. The further changes which take place in the Graafian follicle are 
described with the structure of the ovary {v. Splanchnology). The remainder of 




Fig. 151. — ^TjlANSVBBSE SEOTIOS THROUGH THE OVAKT OP AN EMBRYO SHARK (sOYLlItTM), SHOWING THE; 
GEKM-EPITHELIUM FORMING PRIMITIVE OVA. (Balfour.) 

At po, the germ-epithelium and primitive ova ; the lightly-shaded part is the ovarian stroma^ 
covered elsewhere by flattened epithelium. 



the germinal epithelium which is left covering the surface after the formation of 
the egg-tubes, constitutes the permanent epithelium of the ovary. 

Most, if not all, of the permanent ova are produced, at least in the human subject, long- 
before birth. In the human ovary the nests of cells which are to form the Graafian f oUicleS' 

Fig. 152. — Section op the ovaky of a 

NEWLY-BORN CHILD. HIGHLY MAG- 
NIFIED. (Waldeyer.) 

a, Germinal epithelium dipping in at 
b, to form an ovarian tube ; c, c, prim- 
ordial ova lying in the germ-epithelium ; 
d, d, longer tube becoming constricted so 
as to form nests of cells ; e, e, larger nests ; 
/, distinctly formed follicle with ovum 
and epithelium ; g, g, blood-vessels. 

aje more equally diffused through the 
substance of the ovary than in most 
animals, in many of which the young 
follicles remain forming a stratum 
near the surface. In the human 
embryo of from four months up to 
the period of birth, the ovary seems 
to be formed of little else than a mass 
of young ova, closely surrounded by 
flattened cells of the germinal epithe- 
lium and constituting thus minute 
Graafian follicles ; the amount of 

stroma being at this time relatively small. It has been calculated that the ovaries may 
at this stage contain as many as 70,000 primordial ova. 

Development of the Testicle. — The germinal epithelium does not undergo so. 
marked an hypertrophy in the male as in the female. But it becomes thickened^ 
and enlarged cells, corresponding to the primordial ova in the female, are found in 
it. Further, small strands of the epithelium dip down into the subjacent mesoblast,. 
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which grows simultaneously into the epithelium, and eventually cell-nests are sepa- 
rated and included in the mesoblastic tissue. Whether these nests are derived from 
the division of the primordial ova only, or whether they also include other cells of the 
germinal epithelium is not clear. It would appear that from these cell-nests the 
epithelium of the seminiferous tubules is developed, although all stages of the 
process have not been observed. The cell-nests eventually become connected with 
the outgrowths from the Wolffian bodies (fig. 153, st), which as already mentioned, 




Fig. 1 3. — Section of the germisal epithelicm and adjacent steosia in a male chick embryo. 

(Semen. ) 

r/.tp, germinal epithelium forming a f lickened ridge-like projection ; pr.ov, primitive ova of varioris 
sizes, buiue in the germinal epithelium and others somewhat beyond the limit of this epithelium ; st, 
strands of cells which have grown from the WolfBan body towards the germinal epithelium, and one of 
■which appears connected with an enlarged primitive ovum. 

form the rete testis and the efferent tul)es of the testicle. The reproductive gland is 
in both sexes at first attached directly to the Wolffian body (fig. 156, A, ot), which 
itself is attached by a fold of peritoneum to the back of the abdominal cavity. 
This fold becomes the rmsovarium or mesorchium as the case may be. A band also 
passes from the Wolffian body upwards to the diaphragm, and another fold contain- 
ing involuntary muscular fibres— the plka (jvhernalrix — runs down towards the 
groin from the lower part of the Wolffian body and the duct. This band, as the 
Wolffian body becomes atrophied, is found to be attached to the reproductive organ, 
constituting the gtilernaculum testis in the male, and the round ligament of the ovary 
in the female (fig. 156, g). 

Descent of the Testicles. — The testicles originally lie in the lumbar region of 
the abdomen. From this part they become shifted, at first to the internal 
abdominal ring, opposite which they are found in the sixth month, and which they 
-enter in the seventh month, then down the inguinal canal into the scrotum, whicli 
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they usually enter by the end of the eighth month. But previously to this, a pouch 
of peritoneum— the ^rocessMs m^j/zafe— has descended into the scrotum along the 
abdominal ring, pushing before it part of the internal oblique muscle and the 
aponeurosis of the external oblique, which form respectively the cremasteric muscle 





Pig. 154. — Diagrams to illustrate the descent op the testicle and the formation of its 

COVERINGS. (0. Hertwig.) 

In A the testicle is lying close to the internal abdominal ring. In B it has passed into the sac of 
the tunica vaginalis. 1, skin of abdomen ; 1', skin of scrotum ; 2, superficial abdominal fascia ; 2', 
Cooper's fascia ; 3, muscular and aponeurotic layer of abdominal wall ; 3', cremaster muscle and sper- 
matic fascia ; 4, peritoneum ; 4', processus vaginalis ; 4" visceral layer of processus vaginalis covering 
testicle ; *, testicle ; v.d., vas deferens ; ■/•, internal abdominal ring. 



and spermatic fascia (fig. 154). This pouch, after the descent of the testicle into 
it, becomes shut off from the abdominal cavity, and forms the cavity of the tunicii. 
vaginalis. The descent of the testicle into the scrotum is intimately connected with 
changes in the gubernaculum. The gubernaculum extendfi, as before mentioned, 
from the integument of the groin, which aftei-wards forms the scrotum, upwards 
through the abdominal ring to the lower part of the epididymis. When the pro- 
cessus vaginalis is formed, the gubernaculum lies behind the serous sac. The 
descent of the testicle is accompanied by a shortening of the gubernacuiar cord, 
which thus appears to draw the organ downwards into the scrotum, and the testicle 
following the line originally taken by the gubernacuiar cord, also passes down along 
the posterior wall of the processus vaginalis, which it therefore invaginates from 
behind. 

In many animals the testicles remain throughout life in the abdominal cavity. In others 
they only descend into the scrotum during the period of " heat." Cases of cryptorchismus, in 
which one or both testicles have failed to reach the scrotum, and have remained either In the 
inguinal canal or within the abdominal cavity, are not unfrequent in the human subject. 

The ovaries also undergo a considerable change of position, accompanied by a 
shortening of the band which corresponds with the gubernaculum testis in the male. 
This band, as it passes by the united part of the Miillerian ducts which are forming 
the body of the uterus, becomes attached laterally to that organ, and the descent of 
the ovary is normally arrested at the side of the uterus. In rare cases, however, the 
ovaries pass through the abdominal ring by the canal of Nuck, and may even be 
found in the labia majora, where they resemble in position the testicles within the 
scrotum. 

The External Organs. — The external organs are up to a certain time entirely 
of the same form in both sexes, and the several organs which afterwards distinguisb 
the male and female externally have a common origin (see fig. 155). A cloaca exists 
till after the fifth week, and the genital eminence from which the clitoris or penis ii". 
formed makes its appearance in the course of the fifth or sixth week in front of and 
within the orifice of the cloaca. In the course of the seventh and eighth weeks this 
orifice is seen to be divided into two parts ; but the exact manner in which the sepa- 
ration of the two apertures takes place has not been accurately traced. The process 
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is connected with the formation of the urogenital cord as an independent structurej 
and results in the division of the cloaca into a dorsal or anal and a ventral or 
urogenital part {urogenital sinus). Somewhat later, in the ninth or tenth week, a 
transverse integumental band completes the division, which band forms the whole of 
the perineum of the female, and the part of the perineal integument in the male 
which is situated behind the scrotum. 

Of the two apertures the dorsal one or anus is of small size, and is surrounded by 
a small circular integumental ridge ; the anterior or urogenital aperture forms a 





Fig. 155. — Development of the extekhal sexual 

0KGAN3 IN THE MALE AND FEMALE FROM THE 

indiffekent type. (Ecker.) 

A, the external sexual organs in an embryo of about 
nine weeks, in which external sexual distinction is not 
yet established, and the cloaca still exists ; B, the same 
in an embryo somewhat more advanced, and in which, 
without marked sexual distinction, the anus is now 
separated from the urogenital aperture ; C, the same in 
an embryo of about ten weeks, showing the female type ;. 
D, the same in a male embryo somewhat more advanced. 
Throughout the figures the following indications are 
employed ; pc, sexual eminence (penis or clitoris) ; to 
the right of these letters in A, the umbilical cord ; 
p, penis ; c, clitoris ; d, cloaca ; lUj, urogenital open- 
ing ; a, anus ; U, cutaneous elevation which becomes 
labium or scrotum ; I, labiam ; s, scrotum ; co, caudal 
or coccygeal elevation. 



narrow vertical slit wider behind than before, and running forward as a furrow into 
the rudiment of the penis, or clitoris. 

The well marked eminence in the integument which forms this rudiment, at first 
indifferent in the two sexes, is surrounded by a deep circular fold of the integument 
which encompasses its base, and which is the foundation of the mons veneris and 
labia majora in the female, and when united by median fusion, of the scrotum in the 
male. The lips of the urogenital furrow, which in the female are converted into the 
nymphae, and in the male unite as the integument below the penis, are both at first 
precisely the same in all embryoes. In the open condition, which continues nntil 
the eleventh or twelfth week, the parts appear alike in both sexes, and resemble 
the more advanced female organs. The rudiments of Bartholin's or Gowper's 
glands appear at an early period as involutions of epithelium, near the root of the 
rudimentary clitoris or penis, on each side of the genito-urinary passage. 

In the female, the outer circular fold of integument enlarges at the sides so as to- 
cover the clitoris as the labia majora. The clitoris itself remains relatively small,, 
and the groove on its under surface becomes less and less marked, owing to the 
opening out, and subsequent extension backwards, of its margins to form the nymphm. 
The vascular bulbs, sunk more deeply in the tissues than in the male organ, remain 
distinct and separate, except at one point where they run together in the glans 
clitoridis. The hymen begins to appear about the fifth month as a fold of the lining 
membrane at the opening of the genital passage into the m'ogenital sinus. "Within 
the vestibule, which is the shortened but widened remains of the urogenital sinus,, 
the urethral orifice is seen, the urethra itself undergoing considerable elongation. 

In the male, on the contrary, the penis continues to enlarge, and the margins of 
the groove along its under surface gradually unite irom the primitive urethral orifice 
behind, as far forwards as the glans, so as to complete the long canal of the male 
urethra, which is therefore a prolongation of the urogenital sinus. This is accom- 
plished about the fifteenth week. When the union remains incomplete, the abnormal 
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condition named hypospadias is produced. In the meantime the prepuce is formed, 
and, moreover, the lateral cutaneous folds also unite from behind forwards, along the 
middle line or raphe, and thus complete the scrotum, into which the testicles descend 
in the course of the eighth month of fcetal life, as before described. 

The corpora cavernosa, which are at first separate, become united in their distal 
portions in both sexes ; but the corpus spongiosum urethras which is also originally 
divided in all embryos, and in the female remains so in the greater part of its 
extent, becomes enlarged in the male in the glans penis, and its two paits become 
united mesially both above and below the urethra, so as to enclose the whole of that 
tube from the bulb forwards to the glans. 

The following Table and Diagrams exhibit the corresponding parts of the 
nrino-generative organs in the two sexes : — 
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Fig. 156.— Diagrams to show the development 

OF MALE AND FEMALE GENERATIVE ORGANS 

EROM A COMMON TYPE. (Allen Thomson. 
A. — Diagram op the primitive uro-genital 

ORGANS in the EMBRYO PREVIOUS TO SEXUAL 
DISTINCTION. 

3, ureter ; 4, urinary bladder ; 5, uraclius ; 
ot, the genital ridge from which either the ovaiy 
or testicle is formed ; W, left Wolffian body ; 
w.w, right and left Wolffian ducts ; m.m, right 
and left MuUerian ducts uniting together and 
nmning with the Woffiau ducts in go, the genital 
cord ; ug, sinus urogenitalis ; i, lower part of 
the intestine ; cl, cloaca ; cp, elevation which 
becomes clitoris or penis ; Is, fold of integument 
from which the labia majora or scrotum are 
formed. 



B. — Diagram op the female type 

OF SEXUAL ORGANS. 

0, the left ovary ; po, parovarium 
(epoophoron of Waldeyer) ; W, scat- 
tered remains of Wolffian tubes near 
it (paroophoron of Waldeyer) ; d G, 
remains of the left Wolffian duct, such 
as give rise to the duct of Grartner. 
represented by dotted lines ; that of 
the right side is marked w ; /, the 
abdominal opening of the left Fallo- 
pian tube ; u, uterus ; the Fallopian 
tube of the right side is marked «i ; 
g, round ligament, corresponding to 
gubernaculum ; i, lower part of the 
intestine ; ^'a, vagina ; A, situation 
of the hymen ; C, gland of Bartholin 
(Cowper's gland), and immediately 
above it the urethra ; cc, corpus ca- 
vernosum clitoridis ; sc, vascular bulb 
or corpus spongiosum ; n, nympha ; 
1, labium ; v, vulva. 



C- 



-DlAGHAM OP THE MALE TYPE OF 
SEXUAL ORGANS. 



t, testicle in the place of its original 
formation ; c, caput epididymis ; vd, vas 
deferens ; W, scattered remains of the 
Wolffian body, constituting the organ of 
Giraldes, or the paradidymis of Waldeyer; 
vh, vas aberrans ; m, Mullerian duct, 
the upper part of which remains as the 
hydatid of Morgagni, the lower part., 
represented by a dotted line descending 
to the prostatic vesicle, constitutes the 
occasionally existing cornu and tube of 
the uterus masculinus ; g, the guberna- 
culum ; vs, the vesicula seminalis ; pr, 
the prostate gland ; C, Cowper's gland of 
one sidj ; cp, corpora cavernosa penis 
cut short ; sp, corpus spongiosum ure- 
thrse ; s, scrotum ; *', together with the 
dotted lines above, indicates the direction 
in which the testicle and epididymis de- 
scend from the abdomen into the scrotum. 
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DEVELOPMENT OF THE HEART. 



rOKMATIOlSr OP THE VASCULAB SYSTEM, 

DEVELOPMENT OF THE HEAET. 

In mammals, the heart appears in the form of two tubes lying in the c ephalic 
r egion , ooe on ei ther side of the embryo. These are seen at a very early period, 
prior, in fact, to the separation of any part of the alimentary canal from the yolk 
sac, and to the closure of the neural groove. This bilateral condition was first 
observed by Hensen in the rabbit ; it has been seen by His in the human 
embryo. 

The situation and mode of formation of the bi-tubular heart are well illustrated 
by the accompanying figures from KoUiker. They exhibit the condition in the 




Fig. 157.- 



-KaBBIT E3IBKT0 OF THE 9tH DAT, FROM THE 

SUKFACE. \'. (KolJiker.) 



The medullary groove is enlarged anteriorly and the primary 
optic vesicles are growing out from the first cerebral enlarge- 
ment. On either side of the head, the bilateral tubular heart 
is seen. Eight pairs of protovertebrse are formed. 

rabbit embryo of about eight or nine days — the 
time when the heart first makes its appearance. 
Fig. 157 shows such au embryo in surface view. 
The neural groove, as also the sections show, is 
widely open, although the rudiments of the cere- 
bral__eiilargements_are apparent in it, and also the 
enlargements for the primary_opticvesicles. There 
are ei,ght._pait»— of— protovertebrEe, the paraxial 
mesoblast in frontjif--th£se^jmd on either side of 
the cerebSIe5]ajgement;S_beiagj]^ ~Dut- 

side_this_ undivided cephalic mesoblast is a s^rt 
tube-dippiag_jn_JnmLJnto it, and passing_behind 
i nto a, venous trunk, the^vt telline "oromphalo- 
meseraic vein of the same side 



The Jube Tfes 
gly surrounded by a clear 



withuL,aiidjs immed 

jpace, which is CQnto[uedjForwards~1jejond-Tr~on 
either side - of, the fore-b rain : this space is pro- 
longed from the mesoblas jic ^clef t or pleuro:^ri- 
toneal cavity (coelom). 
The two short tubes lorm the douBIe~rudiment of the heart. The situation 
which they occupy becomes, whea_theJateraLwalls_ fold over to form the foregut, 
the ventral wall of the pharynx, and the two tubesj3£-tbuB_tocmght togetlierjn_the 
middle liiie undemeaththehea^^ of '^the ahment ary can al "Here theysoon 
become fused together To" f orm~£rsni2[ejneffian__ti^ the hinder end of which is still 
continuousjiith the two viteTIinejveins, while the anterior eitiTDifiircates n,£aLthe 
anterior end of the^regut into twoliranches which ^rch dorsalwards'on^either side 
of that tube, and then pass backwards on each side of TEe~liotochor3 as the two 
primitive aortse. 

These changes in the position of the primitive heart are partly shown in surface 
view in figs. 158, 159, but they can only properly be appreciated by the study of 
transverse sections. Fig. 160 is a transverse section through the anterior head 
region of the embryo shown in fig. 157. This is anterior to the heart region, but 
shows the commencing folding over of the splanchnopleure to form the foregut. 
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The mesoblastic cleft (coelom, fK) is somewhat dilated, but is not doubled in, as in the 
heart region. The lateral mesoblast ceases a short distance beyond it. Fig. 161 is 
a section through the middle of the head region of the same embryo. Here, while 





Fiy. 153. — Embkyo kabbit op eight days and eighteen hocks, with 9 protovektebk^, viewed 

I'KOM THE VENTKAL ASPECT. "'■{. (KoUiker. ) 

Fig. 159. — Sketches showing more advanced condition op the BiTncuLAR heaet of the kabbit. 

~^. (Allen Thomson.) 
A, view from below of an embiyo in which the formation of the heart was somewhat more advanced 
than in fig. 158, and of which an outline of the heart is repeated in B. C, from another embryo, shows 
the two halves of the heart in the commencement of their coalescence. A, the part of the bent tube 
which becomes the ventricle ; a, primitive aortic arches and descending aortse ; W, vitelline veins 
entering the heart posteriorly The arrows indicate the course of the blood. 

the other parts of the section are much the same as in front, the dilatation of the 
coelom, which is in fact the rudiment of the future pericardium, is occupied by an 







\^d 



Fig. 160. — Section fkom the same embkyo puether pokwakd than that shown in the following 

pigube. (Kolliker.) 

p, paraxial ' mesoblast ; rf, medullary groove ; r, ridge bounding groove ; mp, medullary plate 
of hind brain ; h, epiblast ; hp, somatopleure ; dfp, splanchnopleure ; ph, anterior part of ccelom ; 
mes, mesoblast beyond the coelom ; dd, hypoblast ; dd', notochordal thickening ; sw, lateral wall of the 
developing pharynx. 

invagination, or fold, of the splanchnic mesoblast. This fold becomes subsequently 
entirely separated and the aperture or line of invagination closed ; it forms the 
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muscular wall of the heart. It encloses a second tube composed of flattened 
epithelium cells ; this so-called _OT^o&«fcZ tube (His) becomes the Imiug epithelmm 
of the endocardium. 




i/iA 



Fig. 161. — A, Teansverse section through the head of an embryo rabbit of eight days asb 

FOURTEEN HOURS, WITH A PART OF THE PERIPHERAL BLASTODERM. *{. (KolUker. ) 

hh, rudiments of tlie lieart ; sr, pliaryngeal groove, with notochordal thickening of hypoblast. 

B. — Part OF THE SAME jiore highly magnified, ^f. (KoUiker.) 
Lettering as in fig 160. In addition -.-ahh, fold of splanchnopleure to form wall of heart; 
ihh, endothelial tube of heart. 

There is some doubt as to the source of this endothelial tube of the heart. In the preceding 
edition of this work it was stated that it is " derived from the deeper part of the visceral meso- 
blast ; " this statement being apparently founded upon the statements and figures given by 
KolUker. His ascribes it, like the endothelium of the blood-vessels, to an ingrowth from the 
vascnlar area. The appearance of the section shown in fig. 161 B, seems to lend colour to the 
belief that the invagination which has taken place to form the heart is not the splanchnic 
mesoblast only, but has included also the hypoblastic layer of the splanchnopleure ; the notch 
■vhich is seen in the hypoblast near iw, appearing to indicate an interrupted connection with 
the endocardial tube. Should future investigations show that this is actually the mode of 
formation of the tube, the mammalian heart would be developed in essentially the same 
ynanner as has been shown by Riickert to occur in Pristiurus (an Elasmobranch), where this 
organ, which, as in all vertebrates below mammals, is formed only after the foregut is com- 
pleted, is developed as a median outgrowth or thickening of the ventral wall of the foregut. 
A similar mode of formation has also been noticed in Cyolostomata, Ganoids, and Amphibia. In 
reptiles and birds the first appearance of the heart is as a bilateral tube, but it becomes visible 
only after the foregut is formed, and the two tubes lie from the first close together, and from 
the surface appear as a single median tube. 

Sections at a somewhat later period (fig. 162) show the two tubes lying in con- 
tact on the ventral side of the now completed foregTit. The septum which divides 
them at this period has nothing whatever to do with the permanent intra-cardiac 
septum, but soon becomes completely absorbed, so that by the fusion of the two 
lateral tubes a single median tube is the result (fig. 163). This median tube remains 
attached by a suspensory membrane resembling a mesentery (mesocardium posterius) 
(mp, fig. 1(;3) to the ventral wall of the pharynx, but the mesocardium anleriin, 
which also at first results from the fusion, disap-"?ars, except at the lower end, and 
otherwise the tube becomes free, except where the vitelhne veins pass to it from the 
yolk sac, a lateral attachment to the body wall being here subsequently formed on 
each side {mesocardivm laterale of KoUiker). After it is thus formed, the heart is 
for a time median in position and symmetrical (fig. 164, A), but already in the 
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mammal shows distinct indications of division into its several parts ; indeed, these 
Ijarts are apparent even while the two tubes are still distinct, as the accompanying 
sketches of the rabbit's heart clearly show (fig. 159). The heart does not, howeveit 

Fig. 162. — Transverse section through 

THE REGION OF THE HEART IN A RABBIT 
EMBRYO OF NINE DAYS, SHOWING THE 
COMMEHCIHG FUSION OF THE TWO TUBES. 

f. (Kblliker.) 

i/. jugular veins ; ao, descending aortse ; 
ph, pharynx ; hp, epiblast of body- wall ; 
(A, endothelial lining of the still divided 
heart ; ah, outer wall of the heart ; Pt peri- 
cardial ccelom ; df, df, visceral mesoblast 
isoniatopleure) ; e', prolongation of the 
hypoblast of the foregut and the anterior 
will of the pericardial cavity into the 
partition between the two halves of the 
heart ; hi, bilaminar portion of blastoderm 
forming pro-amnion ; net, ent, its two 
layers (epiblast and hypoblast). 

long retain its symmetrical position. It soon becomes bent upon itself, so as to 
assume the shape of an S, the anterior part of the tube bending over to the right and 
the posterior to the left (fig. 164, B). At the same time the posterior, or sino-auricular 






Fig. 163. — Section through the region of the heart in a rabbit embryo of 10 days, after 

THE TWO TUBES HAVE UNITED INTO A SINGLE MEDIAN ORGAN. (KolliSer. ) 

ao, descending aortse ; ha, biilbns aortaR ; aJi, its external wall ; mp, posterior mesocardinni, uniting 
the heart to the ventral wall of the pharynx, ph, and here separating the pleuropericardial ccelom, 
p, into two halves, which are, however, united on the ventral side of the heart ; ent, hypoblast of yolk 
sac ; df, its mesoblast ; df, mesoblast of pharynx ; ect, epiblast. 

Fig. 164.— Outlines of the anterior half of the embryo chick viewed from below, showing the 

HEART in its EARLIER STAGES OP FORMATION. (After Kemak. ) ^f 

A, embryo of about 28 to 30 hours ; B. of about 36 to 40 hours ; a, anterior cerebral vesicle ; 
h, protovertebral segments ; c, cephalic fold ; 1, 1, vitelline or omphalo-mesenteric veins entering the 
heart posteriorly ; 2, their union in the posterior part of the heart ; 3, the middle part of the tube 
corresponding to the ventricle ; 4 (in B) the arterial bulb. 

end of the heart, gradually comes to lie behind or dorsal to the ventricular part, 
which arches transversely from left to right, where it turns sharply upward (towards 
the head), and terminates in the bulb. The tube is divided by slight constrictions 
into successive portions, viz. : (1) the part formed by the junction of the principal 
veins, sinus venosus ; (2) the auricular part ; (3) the ventricular part ; and (4) the 
aortic bulb. 
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The sinus vmosus may be described as consisting of two lateral enlargements or 
horns, and of a transverse part connecting these horns. The veins which it at this 
time receives are the umbilical, the vitelhne, and the ducts of Cuvier (formed 



B 




Fig. 165. — Condition op the heart in the human embeyo of about fifteen days, reconstructek 

FROM SERIAL SECTIONS. (His.) «' 

A, from before, showing extern.il appearance of heart ; B, the same with the muscular substance of 
heart removed showing the endothelial tube ; C, from behind. 

m», mandibular arch with maxillary process; liy, hyoidean arch ; h.a, bulbus aort^ ; v, right 
ventricle ; e', left ventricle ; au, auricular part of heart ; c.a., canalis auricularis ; s.r, horn of sinus 
venosus with umbilical vein (u.v), superior vena cava {v.c.s), and vitelline vein entering it ; 
d, diaphragm ; inp, mesocardium posterius ; I, liver ; h.d, bile duct. 

by the junction of the primitive jugular from the head and the cardinal from 
the trunk). The three veins are nearly symmetrical on the two sides, and enter the 



l.au. h.a. 



h.a. 





v.c./t. 
d. 



Fig. 166.— Heart of a somewhat more advanced human embryo. (His.) •'f 
A, from before ; B, from behind. 

r.v, right ventricle ; l.r, left ventricle ; b.a, bulbus aortiie ; r.a^l, right auricle ; l.au, left auricle ; 
v.c.s, vena cava superior ; u.v, umbilical vein ; v.v, vitelline vein ; d, diaphragm. 

corresponding horn of the sinus (fig. 168). The sinus is at first in free communi- 
cation with the common auricular cavity, but the junction presently becomes 
narrowed, and the resulting aperture, which eventually acquires a slit-like character. 
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is found to open from the right horn of the sinus into the right part of the common 
auricle. The sinus now forms a transversely disposed sac, lying below and behind 
the common auricle, with a larger right and a smaller left horn (the latter being 



A 



l.au. 





Fig. 167. — Heart or human bmbkyo slightly moke advanced than that shown in fis. 166. (His.) 

A, interior of auricle aud ventricle displayed, 
li, endothelial tute. 

a.c, auricular canal ; a.i, area interposita of His ; m, posterior mesocardium ; r.au, l.au; right and 
left auricles ; l.v, left ventricle ; r.r, right ventricle ; h.a, bulbus aortffi. 

tapered off into the lefb duct of Cuvier) ; in this condition it has been termed by His 
saccus reuniens (fig. 169, B, andfig. 171). The umbilical and vitelline veins soon open 
into it by a common trunk, which becomes the upper end of the vena cava inferior. 



ou>' 





^'Kdcw. 



'U-mi. u. -Oi,. V, 

Fig. 168. — Heakt OF kaebit EMBBYO. (Born.; 

A, from before ; B, from behind. 

s.s, sinus venosus ; l.v, left ventricle ; r.v, right ventricle; 5, bulbus aortse; ao', first aortic arch ; 
an", second aortic arch ; r.mi, right auricle ; l.au, left auricle ; wmh v, umbilical vein ; vi.v, vitelline 
vein ; v.c.s, vena cava superior; me, posterior mesocardium. 

The slifc-like orifice of the sinus in the back of the right auricle is guarded by two 
valve-Hke folds of the endocardium, which project into the cavity of the auricle (right 
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— vaT^l.v. 



vunh.v.Uvv.v. cZ.tf. 



Pig. 169. AXTERIOR ANII POSTEKIOE ASPECT OF THE HEART OF A S05IEWHAT OLDER RABBIT EMERYO. 

(Bom. ) 

j).a, iralmonary artery ; s.r, s 1, s.tr, right and left liorns and transverse part of sinus respectively : 
r.s.c, l.s.c, right and left superior cava; ; pe, aperture of pulmonary vein ; h.v, hepatic veins; d.r, 
ductus venosus ; me, mesocardium posterius. 

The other letters as in fig. 168. 




170. — Section through the heart of a rabbit embryo at the stage shown in fig. 169. 

(Born.) 

r.s, l.s, right and left horns of sinus receiving from above the respective superior vense cavae ; r.au, 
l.au, right and left auricles ; r.v, l.v, right and left parts of the ventricle ; r.v.v, l.r.v, right and left 
valves guarding the orifice from the right horn of the sinus into the right auricle ; au.'v.c, one of the 
two endocardial cushions which are beginning to subdivide the common auriculo-ventricular aperture. 
The dotted line encloses the extent of the endocardial thickening ; s', first septum superior growing 
down between the auricles and prolonged below by a thickening of endocardium. Close to this septum 
in the left auricle is seen the opening of the pulmonary vein ; s.inf, inferior septum of the ventricles. 

Fig. 171. — View from behind of the heart of a human embkto of about 4 weeks, magnified. (His.) 
The two superior cavse, right and left, and the inferior cava are seen opening separately into the 
sinns which is a transversely elongated sac communicating only by a, narrow orifice with the right 
auricle. 
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and left venous valves) (fig. 170, r.v.v., l.v.v.). These pass above into a muscular fold 
of the auricular wall, which extends over the roof of the auricle heart parallel to the 
ssptum atriorum, and is known as the septum spurium (fig. 173, B).i It disappears at 
length, probably by uniting with the septum atriorum. Subsequently the venous orifice 
opens out, and the right horn of the sinus, which is now seen to receive all the great 
veins except the left duct of Cuvier, becomes gradually incorporated with the cavity 
of the auricle. The transverse part of the sinus and its left horn are continuous 
with the left duct of Cuvier (fig. 171), and eventually the transverse part forms the 
coronary sinus. From the right venous valve the Eustachian valve is formed, and 
the development of the Thebesian valve is also connected with its lower end 
(Schmidt). The left venous valve disappears. 

The transversely placed ventricular part of the heart receives at first at its left 
end the orifice of the common auricle, which opens into its posterior wall (fig. 




r.cuc: 




s.inf 



Fig. 172.- 



-Diagram to show the poemation of the septum of the tentricies and bulb, 
mode of division of the common aueioulo-ventkiotilak apektuke. (born. ) 



au. I-. c (in A and B), auriculo-ventricular aperture, partially divided into two by endocardial cushions ; 
r.cm.Vj l.au.v, right and left auriculo-ventricular apertures which have resulted from the division of the 
common aperture ; r.v, l.v, right and left ventricles ; b, bulbus aortse, replaced in C, by p. a and a o, 
pulmonary artery and aorta ; s.b, septum bulbi ; s.inf, septum inferius ventriculorum ; o (in A), orifice 
between the two ventricles. 



172, A, a.v.r.). At its right end it turns sharply upwards into the aortic bulb, into 
which it gradually tapers, although there is at a certain point a constriction of the 
endothelial tube, where the semilunar valves are subsequently formed {fretum Halleri). 
Soon the right and left halves of the ventricle are separated externally by a 
groove which extends from below, partially encircling the tube (fig. 169). If the 
interior of the heart is examined at this stage, it is seen that a muscular septum, 
corresponding internally to this groove, is growing upwards and backwards from 
the antero-inferior part of the tube, and is gradually separating it into two parts, 
which become the right and left ventricles respectively (fig. 170, s.inf). This 
septum- (s«pfeOT inferius of His) is placed obliquely to the long axis of the tube, 
and extends eventually nearly to the level of the auriculo-ventricular orifice, which 
has by this time become shifted along the posterior wall of the tuhe, so as to 
open into it about its middle instead of at the left end, as was previously the case 
(fig. 172, B). The septum of the ventricles remains incomplete for some time, 
a communication between the two ventricles being maintained above it. Even- 
tually the septum inferius unites with prolongations, (1) from the endocardial 
cushions which divide the common auriculo-ventricular orifice into right and left 

' This muscular prolongation may, as Born suggests, be of use in assisting the action of the valves, 
and in preventing their being forced backwards into the sinus when the auricle contracts. 
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orifices ; (2) from the endocardial aortic septum, which divides the bulb into aorta 
and pulmonary artery. Thus the septum of the ventricles is completed by endo- 
cardial connective tissue, a fact which is indicated even in the adult heart by the 
existence of the thin septum membranaceum which forms the uppermost part of 
the interventricular septum. 

The common auricle in the meantime becomes shifted relatively upwards over 
the back of the ventricles, carrying the sinus along with it, but it stiU lies behind 
rather than over the ventricles, and the aperture of communication passes from 
behind forwards, from the left part of the auricle into the corresponding half of the 
ventricle. This constricted aperture soon becomes elongated into a short canal, 
which is known as the auricular canal. Its orifice into the ventricle is from the 
first somewhat flattened, and bounded by two lips, an upper and a lower. As deve- 
lopment proceeds, it broadens out towards the median plane of the ventricular tube, 
and becomes gradually shifted, first towards, and eventually over the line of constric- 
tion which marks off the future right and left ventricles from one another (fig. 172). 
The ventricular septum has by this time extended almost up to the transversely 
elongated slit-like orifice, and its lips, sbill upper and lower in relative position, 
become greatly thickened by the formation of cushions of endocardium, which grow 
towards one another in the middle of the slit, and presently fuse into a median 
thickening whiob converts the single M-shaped aperture into two triangular 
openings, leading one into each ventricle (fig. 172, C). Meanwhile, the septum of 
the ventricles growing towards the base abuts against, and at length comes into direct 
continuity with the fused endocardial cushions, but this connection is nearer to the 
right than to the left auriculo-ventricular aperture.^ There is still, as above stated, 
a small orifice of direct communication between the left and right ventricles above 
the free edge of the ventricular septum, and this is not closed until the descent of the 
septum of the bulb, and its union with the septum of the ventricles, completes the 
interventricular septum. 

The above account of the division of the auricular canal is based upon that given 
by Born for the rabbit, and in some respects dififers from the description which was 
given by His from an examination of human embryos. According to His, the endo- 
cardial cushions, which by their union subdivide the auricular canal, are preceded by 
and connected with a growth of endocardial tissue, which springs from the posterior 
auricular wall, and they together form a septal prolongation (septum intermedium), 
which projects like a stopper into the auricular canal, and divides the latter into the 
two auriculo-ventricular orifices, and also grows down beyond that canal to meet the 
uprising ventricular septum (fig. 173). The shortening of this canal is in part effected 
by a kind ■ of intussusception which takes place, and which causes its wall to be 
folded into the ventricular cavity ; these folds, with probably some thickening of 
endocardium, form the bases of the lateral flaps of the auriculo-ventricular valves 
{fig. 175). The bases of the mesial or septal flaps are formed by a downward growth 
of the edges of the endocardial septum between the two orifices. Both lateral and 
mesial flaps become continuous with the spongy muscular substance which at this 
time occupies most of the cavity of the ventricles (fig. 175). As development 
proceeds, the flaps, which are at first thick and soft, become thin and membranous, 
and become free from muscular substance except near their free edges. These 
muscular bands become tendinous near their insertion into the valves, and thus form 
the chordcR tendiiiem ; the parts which are not thus transformed become the papillary 
muscles. 

The septum of the auricles appears at the upper and back part of the auricular 

5 Hence the right auriculo-ventricular orifice lies close to the ventricular septum, but the left orificn 
is separated from it by an interval, into which the root of the aorta becomes continued (Born). 
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cavity, where its situation is externally marked by a groove. The free edge of this 
septum grows forwards and downwards, and the septum (fig. 170, s') gradually 
separates the auricular cavity into a right and left half, the separation being com- 
pleted by the junction of its free edge, which shows a distinct endocardial thickening, 



t-:c.s. 




Fig. 173. — Two STAGES in the formation of the septdm ihtermedicm in the heart of the human 

EMBRYO. (His. ) 

In A the septum is represented as growing from a triangular area to tlie left of the sino-auricular 
orifice ; in B it has coalesced with the endocardial cushions, and lies like a stopper in the auricular 
canal. 

r. a, Z. a, right and left auricle; r.i), Z.d, right and left Tentricle ; s.r, sinus venosus; .ffa. u, Eustachian 
valve ; s.spj septum spuriuih ; s.s, septum superius ; s.^n/, septum inferius ; s.i, septum intermedium ; 
I'.c.s, vena cava superior dextra. 
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with the fused cushion-like thickenings which are subdividing the common auricular 
orifice. But before the originally free communication between the two auricles is thus 
closed, a new aperture makes its appearance above and at the back of this septum, 
and gradually enlarges, so that a passage is thus re-established, but in a different 
situation. This new orifice is the foramen ovale. It becomes closed by a second 
septum, which also starts from the superior auricular wall, a little to the right of the 
original attachment of the first septum, and gradually grows forwards and downwards 
over the orifice. This second septum becomes the limbus Vieussenii, the first one 
forms the so-called valve of the foramen ovale (Born). 

According to His' account of the process in the human embryo, the septum atriorum is 
formed by an anterior, or lower, and a posterior, or upper, sickle-shaped projection, which between 
them enclose the foramen ovale, and form respectively the limbus Vieussenii and the valve of 
the foramen ovale ; the connective tissue growth which he describes as growing from the 
posterior auricular wall towards the auricnlo-ventricular orifice takes an important part in 
the formation of the lower septal projection (septum intermedium). There is reason, how- 
ever, to believe that the process, as above described by Bom for the rabbit, is materially the 
same in all the higher vertebrates, including man. and that the successive growth of both 
septa from the upper and posterior auricular wall was not noticed by His on account of the 
lack of a series of human embryos sufficiently complete to show all the stages of growth. 

Somewhat late in the course of development (afl;er the appearance of the auricular 
septum), the pulmonary veins are seen entering the left auricle. Before reaching the 
auricle they have united to form a single vessel, and this opens into the auricle near 
the septum (fig. 170, p.v.). In some animals, as the rabbit, this represents the 
permanent mode of termination of the pulmonary veins, but in man the right and 
left veins come to open separately into the auricular cavity, either by division of the 
common trunk (His), or by opening out of the common trunk, and its absorption 
into the auricle in the same way as the right horn of the venous, sinus is absorbed 
into the right auricle (Born). The two resulting vessels may again divide, so that 
four pulmonary veins ultimately terminate in the left auricle. 

The aortic hull becomes subdivided into two vessels, the ascending aorta and 
the pulmonary artery. The division is produced by a septum which arises as two 
longitudinal thickenings of the lining membrane (endocardium). These grow from 
opposite sides, and gradually meeting, fuse together in the middle of the bulb. The 
folds take an oblique course down the bulb, for above they are anterior and posterior, 
but below are right and left, hence the resulting vessels after separation are anterior 
and posterior below and right and left above. The endocardial thickenings extend 
somewhat below the origin of the bulb, and unite with one another and with the 
septum of the ventricles, which they complete, and of which they form the mem- 
branous part. The ventricular part of the heart is now completely divided into two, 
each communicating with the corresponding division of the arterial bulb. There are 
at first no semilunar valves, the soft thickened endocardial tissue of the bulb appear- 
ing to exercise a sort of valvular action. The valves are formed as three projec- 
tions of this tissue at the base of each vessel, at first thick and soft, but subsequently 
becoming thinner and membranous. The common aortic trunk has four such 
thickenings at- the lower end, and the septum of the bulb as it descends is prolonged 
into the right and left of these, so that the dumb-bell-shaped orifice is divided into 
two triangular apertures, the bulging sides of which are formed by the endocardial 
cushions and become developed into the semilunar valves (fig. 174). 

The aortic septum begins between the fourth and fifth aortic arches, and is so dis- 
posed, that the fourth arch continues the aortic half of the bulb, the fifth the pul- 
monary half. After the completion of the septum, an external groove makes its 
appearance along the line of the endocardial thickenings, and deepening gradually, 
splits the bulb into two separate vessels. 
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Fig. 174. — Diagram showing the 

DIVISIOH OP THE LOWER PART OP 
THE BULBCS AORTJE, AND THE FOR- 
MATIOS OP THE SEMILUNAR VALVES. 

(After (regonbaur and His.) 

A, undivided truncus arteriosus 
with four endocardial cushions; B, 
advance of the two lateral cushions 
resulting in the division of the lumen ; 
C, projection of three endocardial 
cushions in each part ; D, the separa- 
tion into aorta and pulmonary trunks 
completed. 



Fig. 175. — Sections through the 

HEART OP human EMBRYOS, SHOW- 
ING TWO STAGES IN THE FORMATION 
OF THE CARDIAC SEPTA AND OP THE 
AORIOULO-VENTRIOULAR VALVES. 

(His.) 

A, from an embryo of 5 or 6 weeks. 
R. F, right auricle ; L. V, left auri- 
cle ; S.r.d, right horn of sinus ; S.r.s^ 
left horn of sinus ; V.E, Eustachian 
valve ; s.int, septum superior and 
endocardial cushion (septum interme- 
dium, His) ; s.inf, septum inferius 
ventriculorum. TTiis septum, as well 
as the bulk of the ventricle, is a mus- 
cular sponge ot this stage. Oe, oeso- 
phagus ; Br, bronchus. 

B, from a somewhat more advanced 
embryo. Ad, As, right and left 
auricle ; Ost, auriculo-ventricular 
apertures ; S.s, septum superior of 
auricles ; S.it, endocardial cushion 
(septum intermedium) ; S.if, septum 
inferius ventriculorum, now denser 
and more muscular ; ^pp, peri- 
cardial attachment. 



Distinct muscular tissue is 
seen in the cardiac wall, even 
as early as the stage of an 
S-shaped tube, although the 
heart begins to pulsate regu- 
larly long before this. The 
muscular layer is separated 
from the epithelial lining of 
the cavities (endothelial tube 
of His) by a layer of clear 
gelatinous tissue,bridged across 
by fine fibres (embryonic con- 
nective tissue). This layer is 
most abundant in the ventri- 
cular part and aortic bulb, and 
here the endothelial tube is 
consequently much smaller 
than the muscular tube. Sub- 
sequently, in the ventricle, the 
gelatinous tissue is invaded by 
muscular bands which grow 
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into it from the compact outer layer of muscle, and unite with one another to form 
a spongework of muscular trabeculse, while the endothelium of the cavity becomes 
depressed between and over these trabecule, and lines all the spaces between them, 
which thus communicate with the cavity of the ventricle. The ventricles are therefore 
now in the same condition in which they are found permanently in many of the 
lower vertebrates (e.g. frog). 

Ultimately the compact outer layer of muscle becomes greatly increased in thick- 
ness, and the spongework of trabeculse occupies a relatively much smaller portion of 
the cavity, being developed in part into the columns carnese of the adult heart. 

Peculiarities of tlie foetal heart.^Besides the peculiarities of structure, 
which have been above described, the fcetal heart differs in position, in relative size, 
and in the thickness of its several pares, from the organ after birth. Thus it is at 
first placed immediately under the head, but subsequently, with the development of 
the neck, it gradually assumes a position farther back. In early foetal life it is 
much larger in proportion to the size of the body than at a later period, and at birth 
it is still proportionally large. The walls of both ventricles are of equal thickness 
during foetal life, a peculiarity which is evidently connected with the fact that in 
consequence of the communication of the pulmonary artery, through the ductus 
arteriosus, with the aorta, the blood pressure which they have to overconic is the 
same. 



DEVBLOPMENT OP THE PRINCIPAL AETEEIES. 

From the point of insertion of the aortic bulb into the ventral wall of the foregut, 
first one, and then in succession four other arterial arches, become formed, and pass 
on either side, one into each visceral arch. Half encircling this part of the 
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Fig. 176,— DlAGKAMMATIO OUT- 
IIHES OF THE HEAKT AND PRI- 
MITIVE VESSELS OF THE EMBRYO 
CHICK AS SEEN FROM BELOW AND 
ENLARGED. (A. T. ) 

A, soon after the first establish- 
ment of the circulation ; B, C, at 
a somewhat later period; 1, 1, 
the veins returning from the vas- 
cular area ; 2, S, i, the heart, 
now in the form of a notched 
tube ; 5, 5 (upper), the two primi- 
tive aortic arches ; 5, 5 (lower), 
the primitive double aorta ; a, the 
single or united aorta ; 5', 5', the 
continuation of the double aorts 
beyond the origin of the large 
ompha'o-meseuteric arteries, 6, 6. 
The division above 4 is repre- 
sented as carried rather too far 
down. 

alimentary canal, they are continued above it into two descending ov jji-imitive aorta}. 
These two vessels run down the trunk on either side of the notochord, yielding, as 
they descend, lateral offsets to the body walls and to the yolk sac. Finally they "give 
off, at the lower or posterior extremity, two large vessels, which accompany the 
allantois, and furnish blood to the foetal part of the placenta {umUlical or allantoic 
arteries). 

The primitive aortse do not long remain double. As was first shown by means 
of sections by Allen Thomson, they unite in the middle line, the union beginning 
in the dorsal region and extending forwards and backwards ; in the latter direction 



DEVELOPMENT OP THE PRINCIPAL ARTEEIES, 



147 



even beyond the origin of the allantoic arteries, the middle sacral artery being in 
fact the extremity of the aorta. 

Occasionally the union remains incomplete, a median septum being sometimes found as a 
malformation of the descending aorta. 

The common iliacs are formed by persistence of the roots of the allantoic arteries ; when 
the lower limbs are formed they give ofE to these the external iliacs. 

Since their discovery by Eathke in 1825, the arterial arches have been regarded With 
much interest as corresponding with those from which the blood-vessels of the gills in 
fishes and amphibia are derived. Along with the (subdivided) aortic bulb they give rise, by 
various transformations, to the permanent pulmonary and aortic stems and the principal vessels 
which spring from them. Most of what is known regarding the mode of their transformation 
in different animals is due to the researches of Rathke. In the human embryo the subject 
has been recently investigated by His, whose account wiU be here mainly followed. 




W.Ct: 
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Fig. 177. — PbOFILE view op a HOMAN embryo op about FIPIEEN DATS, with the ALIUENIARY canal IK 

LONGITUDINAL SECTION. (His.) 

Two arterial arches are formed at this stage. 

Fig. 178.— Similar view op a somewhat older embryo, showing pive arterial arches. 

1, 2, 3, 4, 5, are opposite the respective secondary cerebral vesicles ; from the side of the fore-brain 
the primary optic vesicle is seen projecting ; ot, otic vesicle, stUl open in 177 ; p.v, septum between 
mouth and pharynx (primitive velum). This has disappeared in 178 ; I, commencing liver in septum 
transversum ; v, vitelline stalk ; all, allantois enclosed within stalk ; j.v, jugular vein ; c.v, cardinal 
vein ; i.r, sinus venosus within septum transversum ; u.a, left umbilical (allantoic) artery ; l.u.v, left 
umbilical vein ; end., endothelial tube of heart. The sharp curve of the trunk of the embryo towards 
the yolk-sac is normal at this period of development. 



From the point of insertion of the aortic bulb the arterial arches have a radial 
disposition as they pass into their respective visceral arches (fig. 181). They at first 
effect, as above stated, a complete communication between the aortic bulb and the 
descending aorta, but subsequently in most cases the communication becomes 
oMiterated, and the completeness of the vascular arch is thus obscured, the only 
arches which in mammals remain pervious through their whole extent up to the 

L 2 
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time of birth being the fourth and fifth arches of the left side, which form the arch 
of the aorta and the ductus arteriosus respectively. This obhteration begins early 
in the first and second arches, so that in many animals by the time the posterior 
arches are formed the anterior are partially obliterated ; but in man this is not the 
case, all five pairs of arches being present and fully pervious for a certain time (figs. 
178, 179, from His). 

As development proceeds, the point of insertion of the aortic bulb, which is at 
first opposite the first arterial arch, becomes, along with the rest of the heart. 



Fig. 179. — Profile view op a human embryo op 

ABOUT THREE WEEKS, SHOWING THE CEPHALIO 
VISCERAL ARCHES AND CLEFTS AND THEIR RELA- 
TIONS TO THE ARTERIAL ARCHES. (His.) 

mx, maxillary process ; mn, mandibular arch ; 
d.C, duct of Cuvier; j.v, jugular vein; c.'i;,_cardinal 
vein ; ui;, vitelline vein ; u.v, umbilical vein ; u.a, 
umbilical artery ; aU, allantois ; pi, placental at- 
tachment of allantoic stalk ; olf, olfactory depres- 
sion ; ot, otic vesicle. 

relatively shifted backwards, and on each 
side the arterial arches presently appear to 
come off from the bulb in two sets, viz. : 
the first and second from an ascending 
trunk, afterwards the external carotid, and 
the third, fourth, and fifth from a descend- 
ing trunk. 

J As the point of insertion is still further 
shifted, the third arch becomes added to 
the ascending trunk, the lower part of 
which now forms the common carotid. 
Finally, by a continuance of the same 
process, the fourth arch on each side comes 
to spring from the ascending trunk : that 
of the right side forming the innominate 
artery, that of the left the arch of the 
aorta ; and only the fifth arch, from which 
the pulmonary arteries spring, has for a 
time a descending direction. 

From the dorsal part of the first arch a 
branch passes towards the brain — this 
becomes the upper part of the internal 
carotid. When the first and second arches 
become obliterated — a change which next 
occurs — this branch remains in continuity 
with the third arch by the unobliterated dorsal portions of the first and second 
arches (upper extremity of primitive aortae) ; these portions, together with the third 
arch, form the lower part of the internal carotid, the posterior communication 
between the third and fourth arch becoming obliterated. The branches of the 
external carotid are produced from the remains (ventral) of the first and second 
arches ; the maxillary and temporal arteries from the first, the lingual and ascending 
pharyngeal arteries, and probably also the occipital and auricular, from the anterior 
part of the second arch. 

The division of the bulb into aortic and pulmonary trunks begins just at the 
time when the extremity of the aortic bulb has become shifted backward so as 
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to be opposite the point of junction between the fourth and fifth pairs of arches, so 
that now all the arches above this point become separated off in connexion with the 
trunk of the aorta (ascending aorta) ; the one below it remaining in connexion with 




Fig. 180.— Profile view of a httman embkto of abotit 3 oe 4 weeks, showino the pbinoipal aeteeies 

AND VEINS. (His.) 
1, 2, 3, 4, 5, the secondary cerebral vesicles ; hyp, hypophysis ; ot, otic vesicle ; mn, mandibular 
arch ; Ig. lung rudiment ; it, stomach ; Wd, Wolffian duct opening into cloaca ; /, //, HI, IV, y, 
the arterial archesi. springing from b.a, bulbus arteriosus ; p, pulmonary artery ; d.C, dcct of Cuvier ; 
ch., notocord. 

the pulmonary trunk. After the separation, the aortic bulb, now a double tube, 
becomes still further shifted back, and with it the fourth and fifth arches. Since 



Fig. 181. — ^View from behind of the ahterioe part 

OP THE MOUTH AND PHARYNX OF A HUMAN EMBRYO 
OF 34 WEEKS, SHOWING THE AETERIAL ARCHES 
RADIATING FROM THE ATTACHMENT OF THE AOEIIO 
BULB. (His.) 

ao, point of attachment of aortic bulb in the anterior 
wall of the pharynx ; mn, hy, br', br\ first four visceral 
arches ; /, //, III, IV, the corresponding arterial 
arches ; V, fifth arterial arch giving off the pulmonary 
artery, p. 

the inferior laryngeal nerve passes under the 
latter, this nerve must also become shifted 
downwards along with these arches. To 
allow for this shifting of the bulb, fhe 
common carotids become proportionally 

lengthened. ^ .,.•,. .1 

From the descending primitive aortse on either side a series of mter-segmentd 
arteries pass ; the uppermost of these become united to form the vertebral arteries 
(which subsequently unite superiorly in the middle line to produce the basilar) the 
lower form intercostal arteries. A branch for the upper extremity comes off from 
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the commencement of the vertebral ; it subsequently far exceeds the parent vessel 
in size, and forms the subclavian, this name being extended to what was originally 
the commencement of the vertebral from the descending aorta. 

Destination of the fourth and fifth arches.— As was above stated, the 
aortic trunk, connected below with the left ventricle, is connected above with the 
four superior arches, which spring from its two ascending rami ; of these rami the 
right is much the smaller, and its root forms the innominate ; the root of the left, 
whicii is much larger, represents the part of the arch of the aorta between the 

Fig. 182 — DiAGKAM TO SHOW 
THE DESTINATION OF THE 
ARIEBIAL ARCHES IS MAN 

AND MAMMALS. (Modified 
from Rathke. ) 

The truncus arteriosus, and 
the five arterial arches spring- 
ing from it are represented in 
outline only, the permanent 
vessels in colours — those be- 
longing to the aortic system 
red, to the pulmonary system 
blue. 
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innominate and the left 
common carotid. On 
the right side the 
whole of the fourth 
arch remains, and forms 
the common subclavo- 
vertebral trunk ; on the 
left side the whole arch 
persists and forms the 
remainder of the arch of 
the aorta. 

The fifth arch of the 
right side only persists 
as far as the origin of 
the branch to the right 
lung, the remainder of 
the arch disappears. The fifth arch of the left side persists throughout its whole 
length during foetal life, and joins the fourth arch as the ductus arteriosus. After 
birth, the part of the arch beyond the branch to the corresponding lung becomes 
impervious on this side also, and is converted into the ligamentum arteriosum. 

The upper part of the descending primitive aorta disappears entirely on the 
right side ; that of the left side forms the commencement of the permanent 
descending aorta. 

Eathke described botli pulmonary arteries as being given oif from tlie fifth left arch in 
mammals, although admitting that in birds and reptiles each is formed from the corresponding 
arch. In birds the permanent aortic arch is the fouith arch of the right side, and not of the 
left aide as in mammals, and in reptiles both aortic arches remain pervious. 

Many of the abnormalities which are observed in the disposition of these arteries, may he 
explained by regarding them as a persistence of embryonic conditions. 

The development of the arterial arches of the biid has been recently again examined by 
Mackay, whose . account differs in important particulars from that of Rathke. and indeed of 
nearly all previous investigators. He describes the subclavian artery as arising from the third 
aich, not from the fourth (this was also given as its origin by Sabatier), springing from the 
ventral part of the arch, and running outwards superficial to the pneumogastric nerve and j ugular 
vein. The third arch and its dorsal upward prolongation, form the common carotid, not the 
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internal carotid, as stated by Eathke, and the ventral prolongation of tlie trnnous arteriosus 
forms, not the external carotid, but a small branch from the subclavian, or innominate 
artery, to the front of the trachea. These observations have not been as yet extended to 
mammals. 

Zimmermann has described, both in the rabbit and in the human embryo, an arterial aroh 
between the aortic and pulmonary arches. If this is of constant occurrence it must be 
reckoned as the fifth arch, and the pulmonary will become the sixth. 

The histogenetlo changes involved in the development of the blood-vessels are described in 
the chapter on Histology. 

The first vessels appear, as has been already stated, in the mesoblast of the vascular area ; 
the lamina of mesoblast in which they are formed is sometimes distinguished as the vascular 
lamifw,. They are said (by His and others) to grow inwards from the vascular area, but the 
manner in which the principal arteries and veins of the body are first developed is not clear, 
beyond the fact that they are at first merely endothelial tubes. The muscular tissue of the 
primitive aortas is derived from the lower part of the protovertebra (E. MftUer). 

DEVELOPMENT OP THE PKINCIPAIi VEINS. 

la this subject also the description given by His of the condition and changes 
of the veins in the human embryo will be followed, although it differs in certain 
particulars from that which has usually been received. 

In the early embryo, before the development of the aUantois, two vUellim or 
omphalo-meseraic veins, right and left, bring back the blood from the vascular area 
upon the yolk sac, and unite to form a common trunk, which is continued as the 
sinus venosus into the auricular extremity of the rudimentary heart. 

At the commencement of the placental or allantoic circulation (fourth week in 
man) two umbilical veins are seen coming from the placenta and opening into the 
sinus near the vitelline veins (fig. 168). Into this also opens on either side a 
transverse vein, the duct of Guvier or superior vena cava, which is formed by the junc- 
tion of the primitive jugular vein, bringing blood from the head, and the cardinal 
vein, which returns the blood from the Woffian bodies, the vertebral column and 
the body walls (figs. 179, 180). The trunk or sinus into which all these veins pour 
their blood is now transversely disposed, immediately below the diaphragm, and 
forms the saccus reuniens of His, which has. been already alluded to (p. 139). 

The vitelline or omphalomeseraic veins enter the abdomen along the vitelline 
duct and ascend at first along the fr'ont of the alimentary canal, but higher up they 
are seen on either side of that tube (duodenum and stomach). Here transverse 
communications form between the two veins, two in front of and one behind the 
duodenum, so that this is encircled by two vascular rings (figs. 180, 183). Above 
these venous circles the direct communication with the sinus becomes lost, the inter- 
mediate venous vessel or either side becoming broken up within the substance of the 
liver (which has by this time developed around them) into a vascular network, the 
middle part of which becomes capillary. 

The vessels which pass from the upper venous ring to the capillary network are 
known as vence advehentes, they become the branches of the portal vein ; those 
which pass from it into the sinus are the venm revehentes, they become the hepatic 
veins. 

The lower communication between the vitelline veins takes the form of a com- 
plete longitudinal fusion of the two vessels, at least for some distance. This fused 
part receives veins from the intestine and stomach, and becomes the commencement 
of the portal vein. 

The umbiHcal veins are for a long time double within the abdomen, although 
they have fused within the umbilical cord into a single trunk. They diverge from 
this and pass up to the sinus on either side in the somatopleure, just where this is 
becoming bent round into the amnion. After a time, however, it is found that this 
direct communication with the sinus is partially interrupted by the development of a 
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vascular network, and that on the left side a fresh communication has become esta- 
blished with the upper venous circle of the vitelline veins. The interruption subse- 
quently becomes complete on both sides (fig. 183), and on the right side the greater 

Fig. 183. — Venous trunks of a human embryo ov 

ABOUT THREE-AND-A-HALF WEEKS. (His.) 

v.c.d, v.c.s, superior vense cavse, right and left; 
v.j, V. c, primitive jugular and cardinal vein ; 
v.u.d, D.M.s, umbilical veins, right and left; v.u", 
■v.u", upper detached portions of umbilical veins ; 
v.v.omj omphalomeseralc or vitelline veins forming 
the vena ports. The permanent veins are coloured 
blue. 

part of the vein becomes atrophied (on 
both sides the part which originally opened 
into the sinus reuniens remains evident 
for a time). The left vein, on the other 
hand, increases in bulk with the develop- 
ment of the placental circulation. For a 
short time the whole of its blood, as well 
as that of the vitelline vein, passes through 
the capillaries of the liver. But a branch 
is soon seen passing from the upper venous circle direct into the right hepatic 
vein, near its entrance into the sinus. This forms the ductus venosus or vena 
ascendens, and it now carries most of the blood of the umbilical vein direct to the 
heart. Subsequently the direct communication of the left hepatic vein with the 
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Fig. 184. — Under surface of the fcetal liver, 

WITH ITS GREAT BLOOD-VESSELS, AT THE FULL 
PERIOD. 

u,, the umbilical vein, lying in the umbilical 
fissure, and turning to the right side, at the trans- 
verse fissure (o), to join the vena porta; {p) ; d, the 
ductus venosus, continuing straight on to join the 
vena cava inferior (c) ; some branches, of the umbili- 
cal vein pass from a into the substance of the liver ; 
g, the gall-bladder, cut. 

sinus becomes obliterated, and a new com- 
munication becomes estaUished with the 
ductus venosus ; and, finally, when, with 
the growth of the lower limbs and of the 
other abdominal and pelvic organs, the inferior vena cava becomes developed, this 
also joins the upper end of the ductus venosus. 

The lower part of the portal vein is formed, as we have seen, by the united 
vitelhne veins. The upper part is formed as a single trunk out of the double venous 
annulus by atrophy of the right half of the lower ring and the left half of the upper 
(fig. 183). The spiral turn around tlie duodenum is thus produced, and thus it is 
also that the portal vein at first appears more directly connected with the right venae 
advehentes than with the left. 

Most of these embryonic veins are at first of relatively large size and have an 
irregular sinus-like character, which disappears at a later stage of development. 

At the time of commencement of the placental circulation, two short transverse 
venous trunks, the ducts of Cuvier, open, as has been above stated, one on each side, 
into the sinus venosus of the heart. Each is formed by the union of a superior and 
an inferior vein, named respectively t\\.& primitive jugular and the cardinal. 
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Th^ primitive jugular vein receives the blood from the cranial cavity by channels 
in front of the ear, which are subsequently obliterated : in the greater part of its 
extent it becomes the external jugular vein ; and near its lower end it receives small 
branches, which grow to be the internal jugular and subclavian veins (fig. 185), 
The cardinal veins are the primitive vessels which return the blood from the 
Wolffian bodies, the vertebral columu, and the parietes of the trunk. Their lower 
extremities, which become developed later into the internal iliac veins, recelvCj ss 



Fig. 185. — Scheme of the development of the chief veins 
OP THE body. (G. D. T. ) 

The primitive venous trunks are indicated by black outlines, 
and their names ai'e enclosed within parentheses-. The definitive 
veins are represented blue. 

the lower limb becomes developed, the sciatic veins, 
and later the external iliac ; higher up, with the 
development of the kidneys, the renal veins, with 
the spermatic and suprarenal, also open into them. 
The bilaterally symmetrical arrangement which at 
first prevails becomes lost, owing to the obliteration 
of a large part of the left cardinal vein, and the 
formation of a transverse communication {trans- 
verse iliac vein) between its lower extremity and 
the right cardinal, a little above the place where 
the right external iliac joins it. The greater part 
of the left common iliac becomes formed by this 
communicating vessel, only a small part being 
formed by cardinal vein, while the right is wholly 
formed by cardinal vein. 

Above the transverse iliac vein the fate of the 
cardinal veins on the two sides is veiy different. 
That of the left side becomes obliterated for some 
distance, whereas that of the right side undergoes 
an increased development, receiving as it now does 
the blood from the whole of the lower limbs and 
pelvis : it forms the greater part of the inferior 
vena cava. But the hepatic part of the vena cava 
has become developed independently of the cardinal 
veins as a median vessel which opens above into the 
trunk formed by the junction of the ductus venosus 
with the vitelline veins. A communicating branch 
is soon formed on either side between the lower 
end of this median vessel and the cardinal veins 
at the place where they receive the renal veins, 
and on the obliteration of the lower part of the left cardinal the left renal vein 
opens by this communicating branch directly into the vena cava. On the right side 
the communication becomes the continuation of the main trunk, for the right 
cardinal also becomes obliterated for a short distance above the renal vein. (See 
also Vol. II., Part 2, " Morphology of the Venous System.") i 

As development proceeds, the direction of the ducts of Cuvier is altered by the 
descent of the heart from the cervical into the thoracic region, and becomes the same 

' Advantage has been taken of the neces.sity of reprinting this volume to alter the account of the 
development of the veins of the trunk, the former description having been based upon the earlier re- 
searches of Rathko, which have been shown by Hoohstetter to require modification (November, 1895). 
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as that of the primitive jugular veins. A communicating branch (which may be 
termed the transverse jvgular) makes its appearance, directed transversely from the 
junction of the left subclavian and jugular veins, across the middle line to the right 
jugular ; and further down in the thoracic region between the cardinal veins, & 
communicating branch {transverse cardinal) passes obliquely acr, ss the middle line 
from right to left. The communicating branch between the primitive jugular veins 
is converted into the left brachiocephalic or innominate vein. The portion of vessel 
between the right subclavian vein and the termination of the transverse jugular 
becomes the right brachiocephalic vein. The portion of the primitive jugular vein 
below the transverse jugular, together with the right duct of Cuvier, forms the vena 
cava superior, while the cardinal vein opening into it is the extremity of the great 



ftfb^J,, 





Fig. 186. — A and B. — Diagrammatic outlinks op the vestioe of the left supekior cava ahd op 
A CASE op ITS PEKSiSTENOE. (Sketched after Marshall.) J. 

The views are supposed to be from before, the parts of the heart being removed or seen through. 

1, 1', internal jugular veins ; 2, 2', subclavian veins ; 3, right innominate ; 3', right or regular 
superior cava ; 4, left innominate, normal in A, rudimentary in B ; 5, in A, the opening of the superior 
intercostal vein into the innominate ; 5', vestige of the left superior cava or duct of Cuvier ; 5, 5', in B, 
the left vena cava superior abnormally persistent ; 6, coronary sinus ; 6', coronary veins ; 7, superior 
intercostal trunk of the left side (left cardinal vein) ; 8, the principal azygos (right cardinal vein) ; 
7', 8', some of the upper intercostal veins ; 9, the opening of the inferior vena cava, with the Eustachian 
valve. 

vena azygos. On the left side, the portion of the primitive jugular vein placed 
below the transverse jugular may still be represented by the left superior intercostal 
vein, but the duct of Cuvier becomes obliterated (with the exception of the part 
which forms the coronary sinus) as does also usually the uppermost part of the 
cardinal vein. The remaining part of the left cardinal, however, which receives most 
of the left intercostal veins, becomes, with the transverse cardinal, converted into the 
left azygos veins. Tiie variability in the adult arrangement of the veins depends 
on the different extent to which the originally continuous vessels are developed or 
atrophied at one point or another. The left duct of Cuvier is obliterated. But even 
in the adult, traces of this vessel can always be recognised in the form of a fibrous 
band, or sometimes a narrow vein, which descends obliquely over the left auricle ; 
and in front of the root of the left lung there remains an indication of its former 
presence in the form of a small fold of the serous membrane of the pericardium, the 
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vestigial fold of Marshall, to whom is due the first full elucidation of the nature and 
relations of the left primitive vena cava superior. 

The left duct of Cuvier has been observed persistent as a small vessel in the 
adult. Less frequently a right and a left innominate vein open separately into the 

Fig. 187. — View of the pcetal heart and gkeat 
vessels, feom the left side, to show the vestige 
of the left scpeeior vena cava in situ. (this 
figure is planned after one of Marshall's. ) 

o, right auricle ; 6, left auricle and pulmonary veins ; 
c, the conus arteriosus of the right ventricle ; d, the left 
ventricle ; c, descending aorta ; +, vestigial fold of the 
pericardium ; /, arch of the aorta, with a pai-t of the 
pericardium remaining above ; g, main pulmonary artery 
and ductus arteriosus ; g', left pulmonary ai-tery ; 1, 1', 
right and left internal jugular veins ; 2, 2', subclavian 
veins ; 3, 3', right innominate and superior vena cava ; 
4, left innominate ; 5, 5', remains of the left superior 
cava and duct of Cuvier, passing at + in the vestigial 
fold of the pericardium, joining the coronary sinus, 6, 
below, and receiving above the superior intercostal vein, 
7 ; 7', 7', the upper and lower intercostal vein. 

right auricle, an arrangement which is also met with in birds and in certain 
mammals, and which results from the vessels of the left side being developed 
similarly to those of the right, while the cross branch remains small or absent. 

A case is recorded by Gruber in which the left vena azygos opened into the 
coronary sinus, and was met by a small vein descending from the union of the 
subclavian and jugular. Here, then, the jugular veins had been developed in the 
usual manner, while the left vena azygos continued to pour its blood into the duct 
of Cuvier. 

PECULIARITIES OF THE FCETAL ORGANS OF CIRCULATION. 

It may be useful here to recapitulate shortly the peculiarities of structure exist- 
ing in the advanced stage of the formation of the foetal organs of circulation, with 
reference to their influence in determining the course of the blood during intra- 
uterine life, and the changes which occur in them upon the establishment of pulmo- 
nary respiration at birth. 

The foramen ovale retains the form of a free oval opening in the septum atri- 
orum up to the fourth month, but in the course of that month and the next the 
growth of the valvular plate which fills up the floor of the fossa ovalis, becomes com- 
plete, so that in the last three and a half months the blood can only pass from the 
right into the left auricle, not in a contrary direction. 

The Eustachian valve constitutes a crescentic fold of the lining structure of 
the heart, which is so situated as to direct the blood entering the auricle by the in- 
ferior cava towards the opening of the foramen ovale. 

The dnctns arteriosus establishes a communication between the main pul- 
monary artery and the aorta, by which the blood from the right ventricle is carried 
mainly into the dorsal aorta. 

The two large hypogastric or umbilical arteries, prolonged from the iliac 
arteries, passing out of the body of the foetus, proceed along the umbilical cord, to 
be distributed in the foetal portion of the placenta. From the placenta the blood is 
returned by the umbilical vein, which, after entering the abdomen, communicates 
by one branch with the portal vein, and is continued by another, named ductus 
venosus, into one of the hepatic veins, through which it joins the main stem of the 
vena cava inferior. 

Course of the blood in the fcetns. — The right auricle of the foetal heart 
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receives blood from the two vena cavse and the coronary sinus. The blood brought 
by the superior cava is simply the venous blood returned from the head and upper 
half of the body ; whilst the inferior cava, which is considerably larger than the 
superior, conveys not only the blood from the lower half of the body, but also that 
which is returned from the placenta and the liver. This latter stream of blood 
reaches the vena cava inferior, partly by a direct passage — the ductus venosus — and 
partly by the hepatic veins, which bring to the vena cava inferior all the blood 

Fig. 188. — Diagrammatic outline of the 

ORGANS OP CIKOULATION IN THE FtETDS 

OF SIX MONTHS. (Allen Thomson.)' 

RA, right auricle of the heart ; KV, right 
ventricle ; LA, left auricle ; Ey, Eustachian 
valye ; LV, left ventricle ; L, liver ; K, left 
kidney ; I, portion of small intestine ; «, 
arch of the aorta ; a', its dorsal part ; a", 
lower end ; vcs, superior vena cava ; mi, in- 
ferior vena where it joins the right auricle ; 
vci', its lower end ; s, subclavian vessels ; 
j, right jugular vein ; c, common carotid 
arteries ; four curved dotted arrow lines are 
carried through the aortic and pulmonary 
opening, and the auriculo- ventricular orifices; 
da, opposite to the one passing through the 
pulmonary artery, marks the place of the 
ductus arteriosus ; a similar arrow line is 
shown passing from the vena cava inferior 
through the fossa ovalis of the right auricle, 
and the foramen ovale into the left auricle ; 
hv, the hepatic veins ; vp, vena portee ; x to 
vcl, the ductus venosus ; uv, the umbilical 
vein ; ua, umbilical arteries ; uc, umbilical 
cord cut short ; i i', iliac vessels. 

circalatiiig through the liver, 
whether derived irom the supply 
of placental blood entering that 
organ by the umbilical vein, or 
proceeding from the vena portse qr 
hepatic artery. 

The blood of the superior vena 
cava is believed to pass through the 
right auricle into the right ventricle, 
whence it is propelled into the trunk 
of the pulmonary artery. A small 
part is distributed through the 
branches of that vessel to the lungs, 
and returns by the pulmonary veins 
to the left auricle ; but, as these 
vessels remain small up to the time 
of birth, by far the larger part passes 
throagh the ductus arteriosus into tne descending aorta, and is thence distributed in 
part to the lower half of the body and the viscera, and in part along the umbilical 
arteries to the placenta. From these several organs it is returned by the vena cava 
inferior, the vena port®, and the umbilical vein ; and, as already noticed, reaches 
the right auricle through the trunk of the inferior cava. 

Of the blood entering the heart by the inferior vena cava, it is supposed that 
only a small part is mingled with that of the superior cava, so as to pass into the 

' The red and blue coloration of this diagram represents the fact that the vessels coloured are 
arteries and veins rewpectively, and not the quality of blood which they convey. 
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right ventricle ; by far the larger portion is thought to be directed by the Eustachian 
Talve through the foramen ovale into the left auricle, and thence, together with the 
small quantity of blood returned from the lungs by the pulmonary veins, to pass 
into the left ventricle, whence it is sent into the arch of the aorta, to be distributed 
almost entirely to the head and upper limbs. 

Sabatier was the first to call attention particularly to the action of the Eustachian 
valve in separating the currents of blood entering the right auricle by the superior 
and inferior veuEe cavae. This separation, as well as that occurring between the 
currents passing through the aortic arch and the ductus arteriosus into the descend- 
ing aorta, was illustrated experimentally by John Eeid. A striking confirmation of 
the extent to which the last mentioned division of the two currents of the foetal 
blood may take place, without disturbance of the circulation up to the time of birth, 
is aflforded by the examples of malformation in which a complete obliteration has 
existed in the aortic trunk immediately before the place of the union of the ductue 
arteriosus with the posterior part of the aortic arch. 

In earlier stages of development than those above described, it is certain that 
there is little or no separation of the two kinds of blood, for both the umbilical 
veins from the placenta and the veins from the yolk sac and body generally, pour 
their blood together into the sinus venosus, and the mixed blood is then forced 
through a single somewhat narrowed orifice {porta vestibiUi of His) into the auricle. 

CHANGES IN THE CIRO0LATION AT BIHTH. 

The changes which occur in the organs of circulation and respiration at birth, 
and which lead to the establishment of their permanent condition, are more immedi- 
ately determined by the inflation of the lungs with air in the first respiration, the 
accompanying rapid dilatation of the pulmonary blood-vessels with a greater quantity 
of blood, and the interruption to the passage of blood through the placental circula- 
tion. These changes are speedily followed by shrinking and obliteration of the 
ductus arteriosus, and of the hypogastric arteries from the iliac trunk to the place of 
their issue from the body by the umbilical cord ; by the cessation of the passage of 
blood through the foramen ovale, and somewhat later by the closure of that foramen, 
and by the obliteration of the umbilical vein as far as its entrance into the liver, and 
of the ductus venosus behind that organ. 

The process of obliteration of the arteries appears to depend at first mainly on 
the contraction of their coats, but this is very soon followed by a considerable 
thickening of their substance, reducing rapidly their internal passage to a narrow 
tube, and leading in a short time to final closure, even although the vessel may not 
present externally any considerable diminution of its diameter. It commences at 
birth, and is perceptible after a few respirations have occurred. It makes rapid 
progress in the first and second days, and by the third or fourth day the passage 
through the umbilical arteries is usually completely interrupted. The ductus 
arteriosus is rarely found open after the eighth or tenth day, and by three weeks it 
has in almost all instances become completely impervious. 

The process of closure in the veins is slower ; but they remain empty of blood 
and collapsed, and by the sixth or seventh day are generally closed. 

Although blood ceases at once to pass through the foramen ovale from the 
moment of birth, or as soon as the left auricle becomes filled with the blood return- 
ing from the lungs, and the pressure within the two auricles tends to be more 
equalised during their diastole, yet the actual closure of the foramen is more tardy 
than any of the other changes now referred to. It is gradually effected by the union 
of the forepart of the valve of the fossa ovalis with the margin of the limbus of 
Yieussens on the left side ; but the crescentic margin is generally perceptible in the 



158 THE LYMPHATIC SYSTEM. 

left auricle as a free border beyond the place of union, and not unfrequently the 
union remains incomplete, so that a probe may be passed through the reduced 
aperture. In many cases a wider aperture remains for more or less of the first year 
of infancy, and in certain instances there is such a failure of the union of the valve 
as to allovr of the continued passage of venous blood, especially when the circulation 
is disturbed by over-exertion, from the right to the left auricle, as occurs in the 
malformation attendins; the morbus cceruleus. 



THE LYMPHATIC SYSTEM. 

The development of the lymphatic system has been studied in the chick by Budge. Here 
there exist a network of lymphatics agreeing in their general distribution with the blood- 
vessels in the vascular area. This is the first lymphatic circulation ; a second one is formed 
later, corresponding with the allantoic circulation. The lymphatics of both systems communi- 
cate with the coelom, but only those of the second circulation communicate with veins. The 
lymphatics lie in the vascular area above and close to the blood-vessels, but are separated 
near the embryo by a layer of mesoblast continuous with the splanchnopleure. 

The method of development of lymphatic vessels and lymphatic glands is dealt with in 
the chapter on Histology. 



HECENT IiITERATTJRlS. 

^ Blaschek, A., Untermchwng iiher If en, Perieard, Endocard und PericardialhoMe, Mittheil. 
aus dem embryol. Institut der Universitat Wien, 1885. 
— vBom, G-., Entvnddwng da Saugethier-henens, ArcUv f. mikr. Ajiat., Bd. 33, 1889. 

Bud^e, A., Untersuchungen iiher die Eniwickelung dca Lymphsysteim beim Suhnerembryo, Arcli. 
f. Anat. u. Physiol., Anat. AbtheU., 1887. 

Fiirstig', J., UntersuchAmgen ilber die EntvncJccluTig der primitiven Aorten mit hesonderer 
Beriicksichtigwng der Bezielmmgen derselien zu den Anlagen del Herzens, Sehrif ten herausgegeben Ton 
der Naturf. Gesellscli. bei der Univers. Dorpat, i., 1884. 

G-reenfield, W. S., Case of malformation of the heart, etc.. Journal of Anat. and Physiol., 1890. 

Hochstetter, P., BeitrOge zur Entwickdwngsgcschichte des Fenemystcms der Amnioten, Morpholog. 
Jahrbuch, Bd. liii., 1888. 

.^ ^Slackay, J. Tale, The development of the branchial arterial arches in birds, with special refer- 
ence to the origin of the subclavians and carotids, PhOosophical Transactions, B, 1888. 

Marius, J., Qiielques notes sur le divdoppement du cceur chez lepovlet. Arch, de bid., 1889. 

Mayer, P., Ueber die Entvnckehing des Herzens und der grossen Gefassstdrmne bei den Selathiem, 
Mitth. d. zool. Station zn Neapel, Bd. vii., 1887. 

Hiiller, Erik, Studien iiber den Ursprwng der Gefdssmushidatur, Archiv. f. Anat. u. Physiol. 
Anat. Abth., 1888. 

Babl, C, Ueber die Bildwng des Berzens der Amphibien, Morphol. Jahrbuch, 1886 ; Ueber die 
Bildung der Rerzanlage, Wiener Medicin. Presse, 1886. 

•^Tlose, C, Beitrdge zur Entwickelmngsgeschichte des Bcrzens, Dissert. Heidelberg, 1888, and Morphol 
Jabrb. xt. 

Riiokert, J., Ueber den Ursprung des Serzendothds, Anat. Anzelger, 1887 ; Ueber die Sntstehung 
der endothelialen Artlagen des Herzens wnd der ersten Gefdssstdmme bei SeHachier-Enibryonen, Biolog. 
Centralb., Bd. viii., 1888. 

Sohimkewitsch, W., Ueber die Identitat der HerzbiLdwng bei den Wirbd- und wirbellosen 
Thieren, Zoolog. Anz., 1885. 

Schwink, F., Ueber die EnttoicJedung der Serzendothds der Amphibien, Anat. Anzeiger, 1890. 

Tvirstig-, J., Mittheilungen iiber die EntvnekeVwng der primitiven Aorten nach Untersuchungen an 
Hiihnerembryonen, Dissert. Dorpat., 1886. 

"Van Bemmelen, J. P., Die VisceraUaschen und Aortenbogen bei Reptilien und VSgdn, Zool. 
Anzeiger, 1886. 

Zimmermann, W., Ueber ein zwlschen Aorten- «. Pvlmonalbogen gdegenen Kiemeaarterienbogcn 
beim Kaninchen, Anat. Anzeiger, 1889. 



DEVELOPMENT OF THE MUSCLES. 159 



DEVELOPMENT OF THE SEROUS CAVITIES AND OP THE 
MUSCLES AND SKELETON. 

The serous cavities — peritoneum, pleurae, pericardium — are derived from the 
original split or cleavage of the mesoblast, which constitutes the coelom or general 
body cavity (pleuro-peritoneal cavity of older authors). This cleft is formed in the 
head as well as in the trunk, and when the heart is formed as a double tube, each 
half is enclosed within a portion of that cavity, which later on, when the body walls 
bend round and meet to enclose the fore-gut, comes, like the heart itself, to occupy a 
position on the ventral aspect of the alimentary tube. The part of the coelom which 
thus contains the heart is not for some time entirely distinct, but communicates 
dorsally by two comparatively narrow channels with the anterior part of the general 
body cavity, here separated into lateral halves, which ultimately become the pleurse,' 
by the alimentary canal. Subsequently these communications become obliterated, 
and the heart-coelom separated as a distract cavity (pericardial cavity). Below, 
where the great veins enter the heart, they pass into a mass of mesoblastio tissue, 
which is connected with the anterior body wall (where it receives the umbilical 
and vitelUne veins), and also with the lateral wall (where it receives the ducts of 
Cuvier), and which, as the heart bends, so that the venous end passes behind the 
ventricle and bulb, is carried along with the veins up behind that organ, and thus 
forms an obliquely placed thick septum, at first incomplete, but subsequently becoming 
entirely closed, which separates the heart within the pericardial part of the body 
cavity in front and above from the stomach and alimentary canal ^\ ithin the peri- 
toneal part of that cavity behind and below. The thick septum, besides containing 
the saccus reuniens and the portions of the great veins (vitelKne, umbilical, ducts of 
Cuvier) which open into that cavity, also contains the rudiments of a part of the 
diaphragm and the mesoblastio part of the liver, into which the hypoblastic part 
grows from the adjacent duodenum ; it has been termed by His the transverse septum 
(see figs. 177, 178). As development proceeds, the septum becomes gi-adually difl'e- 
rentiated into its several parts. The great veins become still further shifted behind 
the heart, and the saccus reuniens becomes incorporated with that organ. The 
liver, which is at first contained entirely within the septum, becomes split off from 
its upper layer, which now forms the thin portion of the diaphragm, while the cavity 
of the peritoneum extends from either side, and separates them from one another, 
except along the attachment of the broad ligaments. 

The diaphragm is completed by a growth of mesoblast which occurs on 
each side, and cuts off the antero-dorsal portions of the body-cavity into which 
the lungs are invaginated (recessus pulmonales) from the posterior or peritoneal 
part. 

The serous membranes are formed by differentiation of the lining mesoblast of 
the coelom. 

The formation of the omenta, and the changes which the mesenteric folds of 
peritoneum undergo, have been already mentioned in connecrion with the develop- 
ment of the abdominal viscera. 

Development of the muscles. — The muscles of the trunk are formed from 
the protovertebrse. These are at first, as previously described, separate masses of 
mesoblast, the cells of which have at the periphery of the mass a tendency to a 
radial disposition (fig. 189, A), whilst toward the centre they are loosely arranged, 

1 The manner in which the pleurae are invaginated by the growing luags has already been alluded to 
(p. 110). 
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and may even leave a more or less distinct space unoccupied by cells (protovertebral 
cavity). This cavity has occasionally been noticed (Lock wool, Bonnet) to be 
continuous laterally ^ith the mesoblastic (coelomic) cleavage (fig. 189, B ; see also 




Fig. 189. — Two SECTioss of a sheep 
EMBRYO. (Bonnet.) 

A, shows the cavity within the proto- 
rertebrse. In B, the protovertebra on 
the left side of the section is united with 
the lateral mesoblast ; on the right side its 
cavityalso is continuous with the ccelomic 
cleft in that mesoblast. am, amnion ; 
n.c, neural canal ; p.v, protovertebra ; 
ao, aorta ; p.p, pleuro-peritoneal space 
(ccelom). 

fig. 139, p. 117), and it is 
probably the morphological equi- 
valent of the coelom in this part 
of the mesoblast. TTliether there 
be originally a cavity or not in it, 
the protovertebra presently be- 
comes filled up with cells and 
then forms a fairly compact mass 
of cells which are mostly irregu- 
larly arranged, but externally 
(next to the cutaneous epiblast) 
become regularly disposed into 
an epithelium-like plate of co- 
lumnar cells. This is known as 
the muscle plate, and when the 
inner part of the protovertebra becomes broken up as a distinct mass and joins 
mth the neighbouring protovertebraa to form the membranous vertebral column 
(see below), the muscle plates still remain distinct : in them therefore the original 

Fig. 190. — TKAss^'EKSE section 

OF THE TErXK OF A CAT EMBRYO, 
SHOWrSG MtrsCLE PLATES. 

(E. A. S.) 

m.p., muscle plate : ao, aorta ; 
in.g. , mid-gut : am, amnion ; w, 
vesicle of Wolffian body; w.d., 
Wolffian duct. 

mesoblastic segmentation 
continues to be exhibited. 
They do not long remain 
as a single epithelium-like 
layer, for the extremities 
of this layer fold sharply 
round and become continu- 
ous with a cell-stratum, 
which immediately lines the interna, surface of the columnar layer and forms an 
imw muscle-plate (fig. 190). It is uncertain whether the cells of this inner muscle- 
plate are derived from part of the columnar layer which has folded over, or whether 
they spring from other cells of the protovertebra. Soon after their appearance as a 
distinct layer of the muscle-plate they begin to elongate ia the sagittal (antero- 
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posterior) direction (fig. 191, i.m), and it may jjresently be observed that they are 
becoming developed into longitudinal groups or segments of muscle-fibres which 
stretch between the original intervals between the protovertebr®. The destination 
of the outer layer of the muscle-plate has not been traced with certainty. Balfour 

Fig. 191. — Horizontal longitudinal 
SECTION op three protoverte- 

BR^ IN A SNAKE EMBRYO. 

(v. Ebner.) 

fp, cutaneous epiblast ; f . m, exter- 
nal layer of muscle-plate ; /, its mar- 
gins folded round into t.m, internal 
laj-er of muscle-plate composed of 
flattened cells which are becoming 
elongated into muscular fibres ; n.c, 
neural canal, in outline only ; n'.c', 
neural epiblast forming its walls. 
Between these and the muscle-plato 
is a continuous mesoblastic tissue 
which has been derived from the inner parts of the protovertebrse, partly interrupted by the ganglion 
ludiments, gl. The original intervals between the protovertebrse here are still indicated by vessels, v. 
i.cl, cleft in the deeper protovertebral tissue (according to Ebner this is the remains of the original 
protovertebral cavity). 




described it as also eventually becoming transfoimed into muscle-fibres (in elasmo- 
branchs), but others have failed to confirm this opinion, and it is by some believed 
that it may assist in the formation of the cutis vera. 

Although the muscle-plates are originally mainly concerned with the formation 
of the muscles which move the central skeletal axis, it is probable that all the 
skeletal muscles both of the trunk and limbs are eventually derived from them (see 
below, p. 163). 

Pormatlon of the muscles of the head and evidences of head segmentation. — 
Although perhaps no part of the cranium actually represents a vert.bra, there is nevertheless 
abundant evidence of an origfinal segmentation of the head corresponding with the meeoblastic 
somites of the trunk. Such segmentation is shown by the existence of the visceral arches, 
which in the typical and least modified vertebrates (e.y., elasmobranchs) are at least nine 
in number, by the successive separation of the part of the body cavity which extends into 
the head into separate portions, or head cavities, one corresponding to each visceral arch, the 
parietes of which develop into muscles, and which therefore correspond with the muscle- 
plates of the protovertebrse of the trunk (this is in fact the typical mode of formation of 
mesoblastic somites, v. page 26), and lastly by the mode of development of the cranial 
nerves and their relations to the visceral and branchial arches, which correspond in a general 
way with the relations of the ventral branches of the spinal nerves to the ribs. 

The formation and destination of the head cavities have been investigated of late years 
(chiefly in elasmobranchs, but also in reptiles and birds) by Balfour, Milnes Marshall, and 
van Wijhe, and the result of these investigations tends to show that, in all, nine portions of 
the original head cavity become separated off on either side, their formation proceeding from 
behind forwards. Each somite cavity becomes subsequently divided into a dorsal part corre- 
sponding with the protovertebrse of the trunk and a ventral part, corresponding with the 
pleuroperitoneal cavity, and lying in the middle of the corresponding visceral arch ('). Both 
parts give rise by differentiation of their parietes to muscles ; the visceral arch portions to 
the muscles of the jaw and hyoidean and branchial apparatus ; the dorsal portions, some (first, 
second, and third) to the muscles which move the eyes, some (seventh, eighth, and ninth) to 
the muscles which connect the head with the shoulder girdle, r.'hilst some, viz., the foui-th, 
fifth, and sixth, are said to disappear. The first head cavity forms the eye muscles, which arc 
supplied by the third nerve ; the second, the muscle supplied by the fourth (superior oblique) ; 
sad the third, the muscle supplied by the sixth (extei'nal rectus). In higher vertebrates, the 
formation of the head cavities and their subsequent destination have not been as yet clearly 
followed out, although indications of their existence are not wanting. 



' According to v. Wijhe the intermediate part of the typical somite cavity represents a segmental 
(iirinifeious) organ, but this intermediate part is not seen in the head, although it begins to appear in 
the immediately succeeding somites. 
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Development of the vertebral column.— The vertebral column is developed 
around the notochord, except at the anterior end of that structure, which is imbedded 
in the basis cranii. It is formed from protovertebral mesoblast. The outer part of 
each protovertebra is transformed into a muscle-plate, and thus the original meso- 
blastic segmentation is maintained. The inner parts of the protovertebrse do not, 
however, remain distinct, but blend with one another on each side of the neural 
canal to form a longitudinal mass, which extends to the side of and subsequently 
encloses the notochord, and finally sends dorsal prolongations over the neural canal, 
so that this also receives a continuous mesoblastic investment, forming the membrana 
rmniens supm-ior of Remak. The investment is only incomplete opposite the points 
where the nerve roots are connected with the spinal cord, and in it there is no sign 
of any differentiation into vertebrae. It is continuous with a similar investment 
within the cranium, which extends in front of the notochord into the fronto-nasal 
process. The mass of mesoblast, which thus encloses the notochord and neural 
canal, is often spoken of as the membranous vertebral column and cranium, but it 
represents much more than the cartilaginous and bony structures of those parts, all 
the investing membranes of the cord and brain and the ligaments of the vertebra 
being also derived irom it. From it septa pnss between the muscle-plates and serve 
to give attachment to the developing muscle-fibres. 

The first appearance of the permanent vertebrae is in the form of cartilage, which 
becomes formed in this mesoblastic investment on either side of the neural canal, 
nearly opposite the interval between each two muscle-plates, to form the neural 
arch. This part of the vertebra therefore alternates with the original mesoblastic 
somites as represented by the muscle-plates. 

According to Froriep, the lateral halves of each cartilaginous neural arch become 
united below the notochord before the appearance of the rudiments of the cartilagi- 
nous bodies, and the latter appear as median accumulations of cartilage, immediately 
posterior to the hypochordal part of the cartilaginous arch. In most of the vertebrse 
this hypochordal part of the arch soon disappears as a distinct structure, but in the 
atlas vertebra the primitive condition is maintained. 

The serial arrangement of the musculature represents phylogenetically the original 
segmentation of the vertebrate body. The segmentation of the vertebral column, 
on the other hand, has been arrived at later, and has been carried out in depen- 
dence upon the muscular segmentation.^ 

The cartilage makes its appearance on the fourth day in the chick, on the 
eleventh or twelfth day in the rabbit, and in the fourth or fifth week in man 
(KoUiker). It is completed by the sixth or seventh week, soon after which ossifica- 
tion commences. To form the intervertebral discs, the mesoblast between the 
bodies of the vertebra acquires a fibro-cartilaginous character, while at the same 
time the notochord, which gradually elsewhere becomes reduced in size and eventu- 
ally disappears, here undergoes enlargement, and its cells form an irregular network 
in the central intervertebral pulp. Its remains are found at all periods of life in 
the middle of the discs (Luschka). 

In the osseous fishes there is an intervertebral dilatation of the notochord, the growth of 
which proceeds to such a considerable extent as to give rise to a mass of soft gelatinous 
pubstance, which occupies the conical hollows of the biconcave vertebral bodies. But in 
birds, reptUes, and amphibia, where synovial articulations are developed between the vertebral 
bodies, the notochord soon disappears from the intervertebral spaces, although its remains are 
seen for some time in the bodies themselves (Gegenbaur). 

In mammals, the notochord is constricted within the cartilaginous vertebral body, but 
dilated in the intermediate parts of this rod, the whole cord being monilif orm. At a somewhat 
later period small dilatations are also to be seen in the epiphysial cartilages (fig. 103). 

' A. Froriep, " Zur Entwiokl. der 'Wirbelsaule, &o.," Archiv f. Anatomie 1883 and 1S86. 
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Ritos and Sternum. — The ribs are formed by separate cartilaginous transfor- 
mation in extensions of the protovertebral mesoblast between the musele-plates; 
According to some, they grow out from the cartilaginous vertebrte, but become separate 
before ossification begins. .Similar deposits are formed in connexion with the other 
vertebra (except the coccygeal in man), but they here become united by ossification 
with and form parts of the vertebree (see Osteology, Vol. II.). At their ventral 




Fig. 192. — Sections of the vehtebbal ooLaMK of a human fietus of eioht weeks. 

(From KoUiker.) 

A, transverse longitadinal section of several vertebrae. 1, 1, chorda ulorsalis, its remains tliicker 
opposite the intervertebral discs ; 2, is placed on one of the bodies of the permanent vertebrie ; 3, on 
one of the intei-vertebral discs. 

B, transverse horizontal section through a part of one dorsal vertebra. 1, remains of the chorda 
dorsalis in the middle of the body ; 2, arch of the vertebra j 3, head of a rib. 



Fig 



193. — Saoittal section of a doksal intervektebkal ligament of an advanced 
sheep's embkyo. (Kolliker.) 



l.a, l.p, anterior and posterior ligaments ; l.i, intervertebral ligament ; k, k', cartilaginous ends of 
two vertebral bodies, w, w' ; c, enlargement of notochord in the ligament ; c', c", enlargements in the 
cartilaginous ends of the vertebrse. 

extremities the first seven (thoracic) cartilaginous ribs become united on either side 
into a longitudinal cartilaginous plate, and this afterwards joins its fellow of the 
opposite side to form the sternum (manubrium and body). The xiphoid is of later 
formation (Parker). This mode of development of the sternum explains many of 
the malformations in the shape of fissures of the sternum of difi'erent gradation 
which have been observed. 

The Limbs. — The limbs arise as outgrowths from the lateral part of the 
trunk in the thoracic and pelvic regions in the third day in the chick and in the 
third and fourth week in the human embryo. Tliey appear as flattened semilunar 
thickenings of the parietal mesoblast covered by epiblast, budding out from a lateral 
ridge which is seen in the early embryo near the line of cleavage of the mesoblast 
and close to the outer margins of the muscle-plates, and several of which subsequently 
send prolongations into each limb (i) ; they are therefore connected with several 
mesoblastic somites, as is also indicated by their nerve supply. 

1 This is the case in elasmobranchs (see fig. 194, from Balfour), but, according to Paterson, 
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Each limb consists of a part which is sunk in the substance of the lateral ridge, 
and in which the thoracic or pelvic girdle becomes developed, and of a free or 




Fig. 194. — Tkansverse section tukough an anterior part op the trunk of an embryo op 

SoYLLiUM. (Balfour.; 

sp.c, spinal cord; sp.g/, ganglion of posterior root; «?■, anterior root; dn, dorsal; «/).», ventral 
branch of spinal nerve ; mp, muscle plate ; mp', part of muscle plate already converted into muscle ; 
mp.l, part of muscle plate extending into the limb ; riZ, nervus lateralis ; ao, aorta ; ch, notochord ; 
sy.ff, sympathetic ganglion ; ca.v, cardinal vein ; sd, segmental duct ; st, segmental tube ; du, duode- 
num ; h2}.d, junction of hepatic duet with it ; pan, rudiment of pancreas connected with another part 
of duodenum ; urnc, opening of umbilical canal (vitelline duct). 



projecting part (fig. 195). This is at first quite simple, and represents the distal 
segment of the limb (hand or foot). The other two segments (forearm and leg ; 
arm and thigh) are successively marked off between it and the girdle by the 
development of transverse furrows representing the joints (fifth and sixth week). 
At about the same time four notches appear in the flattened distal extremity, 
marking off the intervals between the fingers and toes, and the middle segment 
(fore-arm or leg) begins to be flexed upon the proximal (arm or thigh), the 

the limbs do not receive such prolongations from the muscle-plates in birds and mammals ; the muscles 
develop in situ from previously indifferent mesoblast. 
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concavity looking forwards in the upper limb and backwards in the lower limb. 
The limbs also come to be folded ventrally against the body of the embryo. 

From the manner in which the flattened limb-bud grows out from the lateral 
ridge, it is obvious that its surfaces must at first be dorsal and ventral. The 
dorsal surface afterwards becomes extensor and the ventral flexor. The anterior 
edge is respectively the radial and tibial ; the posterior, the ulnar and fibular. As 

Fig. 195. — Outlines op the anterior extremities 

OP HUMAN EMBRYOS AT DIFPERENT AGES. (After 

His.) 

A, at four weeks ; B, at five weeks ; C, at seven weeks ; 
D, at nine or ten weeks. 

development proceeds, a half rotation occurs in 
opposite directions in the two limbs, resulting 
in the middle flexure (elbow, knee) being directed 
forwards in the upper, backwards in the lower 
limb. 

The bones of the limbs are laid down as 
cartilages which appear as separate differentia- 
tions of the more centrally placed mesoblast, 
a portion of mesoblast remaining for a time undifferentiated opposite each synovial 
articulation. Within this a cleft subsequently appears, and enlarges to form the 
synovial cavity, the mesoblast which bounds the cleft developing eventually into 
the synovial membrane and capsular ligaments of the joint. 

The crauiniu. — In the head the notochord extends as far forwards as the 
mid-brain. Here also it is invested by a continuous mass of mesoblast, which sends 
lateral prolongations over the neural canal as in the trunk (membrana reuuiens). 





B 



^tk. 




Fig. 196. —Diagrams op the oarthaginous cranium. CWiedersheim.) 

A, First stage. 
Ch, notochord ; Tr, trabeculje cranii ; P.ch, parachordal cartilages ; P, situation of pituitary body ; 
N, E, 0, situations of olfactory, visual and auditory organs. 

B, Second stage. 
B, basilar cartilage (investing mass of Rathke) ; S, nasal septum and ethmoidal cartilage ; Eth, 
Eth', prolongations of ethmoidal around olfactory organ, completing the nasal capsule; 01, foramina 
for passage of olfactory nerve-fibrea ; N, E, 0, Ch, Tr, as before. 

The main difference in development between the cranium and vertebral column 
consists in the fact that no separate cartilaginous deposits to form vertebrte occur 
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within the head, nor can any parts be distinguished which strictly represent vertebrae. 
The cartilage of the basis cranii makes its appearance in the form of two longitudinal 
bars lying on either side of the nofcochord {parach(rrdal cartilages), and of two other 
bars {trabecule cranii of Eathke) which embrace the pituitary body, and which 
become united together in front and with the parachordals behind to form a con- 
tinuous mass, which posteriorly completely invests the notochord (fig. 196). The 
cartilaginous basis cranii may therefore be distinguished into the parachordal and 
prechordal parts. Of these the fii-st represents the basi-occipital and basi-sphenoid, 
the second the presphenoid and ethmoid portions. From the basis cranii continuous 
cartilaginous plates grow on either side over the cerebral vesicles to a greater or 
less extent in different animals, least in mammals, where only the occipital region 
becomes thus roofed in by cartilage. Anteriorly the united trabeculse cranii stretch 
forwards into the fronto-nasal process, where they form the ethmoid cartilage and 
nasal septum, besides enclosing the nasal pits externally (cartilaginous nasal capsule). 
From the sides of the presphenoid portion the orbito-sphenoids (lesser wings), 
containing the optic foramina, are developed, and from the sides of the basi-sphenoid, 




Fig. 197. — View fkom below of the OARiiLAosisona 

CEANI7M WITH ITS OSSIFIO CENTRES IN A HUMAN 

FCETCS OP ABOUT POCK MONTHS. (After Huxley.) 

The cartilage is dotted to distinguish it from the bone 
which is shaded with lines. 

h.o, basi-occipital ; a.o, lateral occipitals ; f.m, foramen 
magnum ; o.c, o'.o', bony deposits in the periotic capsule ; 
p.s, post-sphenoid ; pr.s, pre-sphenoid ; o.s, orbito-sphe- 
noid ; s.n, septum nasi. 

the greater wings or alisphenoids. A cartilagi- 
nous capsule, connected with the parachordal 
portion of the basis cranii, invests the otic vesicle 
(periotic capsule). Within this, bony centres are 
eventually formed, which unite to form the 
petro-mastoid. In the human embryo, chondri- 
fication begins in the fourth or fifth week in 
the basilar portion of the skull, and is nearly completed by the eighth 
week. 

Formation of tke visceral skeleton of the head : cartilaginous bars of 
the visceral arches. — A cartilaginous bar extends from the periotic capsule and 
basis cranii, within each of the first three visceral arches, and passes forwards to 
meet its fellow in the middle line. The har of the mandibular arch is known as 
Meckel's cartilage. It is visible in all sections of the foetal jaw up to the seventh 
month. Its proximal end is attached at first to the basis cranii, afterwards to the 
periotic capsule; its distal end joins that of its fellow in the middle line of the 
lower jaw. Only near this conjoined part does Meckel's cartilage take part in the 
formation of the lower jaw bone, the greater part of this bone being developed by 
ossification at several places in the connective tissue around the cartilage. In some 
animals a short cartilaginous bar is formed in the maxillary process (palato-pterygoid 
bar, fig. 198, A, ppg). Close to it the palatine and pterygoid bones are formed in 
membrane, but the bar itself entirely disappears. The second or hyoid bar arises 
from the skull close behind the attachment of Meckel's cartilage, and passes along 
the second arch. It disappears in part, but in part is converted into the styloid 
process, stylo-hyoid ligament, and lesser cornu of the hyoid bone. The body of the 
hyoid bone (basi-hyal) is an intej-mediate formation between the second and third 
arches. The bar of the third arch is known as the thyro-hyoid. Its lower end forms 
the greater cornu of the hyoid bone ; but its attachment to the skull early disap- 
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cctrtiZoff' 



ttyxie ?^«*'e«« Meckel's (xa-tila^^ 



Fig. 198, A.— Elements op the sktjll of an embkvo pig, j-inch long, viewed from below : 
SEMI-DIAGRAMMATIC. (From Balf CUV after Parker. ) 

pa.ch, parachordals ; nc, notochord ; au, otic capsule ; py, pituitary ; tr, traVieoulss ; e.tr, cornu 
of the trabecula ; pn, prenasal cartilage ; e. n, external iiares ; ol, olfactory region ; p.pg, palato- 
pterygoid bar enclosed in the maxillo-pterygoid process ; mn, mandibular bar ; hy, hyoidean bar : th.h, 
thyrohyoid bar ; 7a, aperture for facial nerve ; 8a, for glossopharyngeal ; 86, for vagus ; 9, for hypoglossal. 

Fig. 198, B. — Side view of the mandibular and hvoid arches in an embryo pig of 1* inch 
IN LENGTH. (From Balf our, after Parker, ) 

t</, tongue; mk, Meckel's cartilage; ml, body of malleus; mJ, its manubrium or handle; t.ty, 
tegmcn tympani ; i, incus ; st, stapes ; i.ky, inter-hyal ligamtnt ; st.h, stylo-hyal cartilage ; h.h, 
hypohyal ; bh basibranchial ; th. h, rudiment of first branchial arch ; 7a, facial nerve. 

pears, or in some animals may not 
be found at all. This bar is in 
all cases of less importance than 
the first two, from the proximal 
parts of which important struc- 
tures connected in lower verte- 
brates with the suspensory appa- 
ratus of the lower jaw, in the 
higher vertebrates with the ap- 
paratus for sound transmission 
to the internal ear are developed. 
Formation of the auditory 
ossicles. — If the embryonic de- 
velopment of the bars is studied 
in man and other mammals, it is 
found that at a certain period of 
fcbtal life Meckel's cartilage is 
directly continuous with the car- 
tilaginous malleus, above which, 
and at first in direct continuity 
with it, is the cartilaginous incus 
(fig. 199) ; these two ossicles 
therefore appear as the enlarged 
and modified proximal end of 
Meckel's cartilage. Somewhat 
later the incus becomes detached 
from the malleus, but the latter 
long remains in continuity with 
Meckel's cartilage (fig. 200). 
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Kg. 169. pREPiRATIONS SHOWING THRLii STAGLS OF THE 

CARTILAGINODS bars of THE 1st AND 2ND ARCHES IN 

THE EMBRYO OF THE SHEiii'. (iSaleusky. ) 
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The most obvious interpretation of these appearances would seem to be that both the 
malleus and incus are developed from the cartilaginous bar of the first or mandibular aroh. 
This view is not, however, universally held. For, as the several illustrations show, the second 
or hyoid bar is also connected to the developing incus, through which it is joined to the periotic 
capsule. Hence it has been inferred by some that the incus belongs to the hyoid bar, and not 
to the mandibular (A. Fraser). Others have looked upon it as representing a hyomandibular 
cartilage, like that which in Sauropsida forms a common suspensory apparatus for both 
mandibular and hyoidean apparatus (Huxley). This hyomandibula itself, however, may repre- 

Fig. 200. — Condition of Meckel's oak- 

TILAOE AND THE HYOID BAR IN THE 
HUMAN FOETUS OF ABOUT 18 WEEKS. 

(Kolliker.) 

B, is an enlarged sketch by Allen 
Thomson, showing the relationship of 
the several parts better than in A. 

z, zygomatic arch ; ma, mastpid pro- 
cess ; mi, portions of the lower jaw ler't 
in situ, the rest having been cut away ,; 
M, Meckel's cartilage of the right side, 
continued at s, the symphysis, into that 
of the left side M', of which only a small 
part is shown ; T, tympanic ring ; m, 
malleus ; i, incus ; s, stapes ; ata, stape- 
dius ; at, styloid process ; p, h, g, stylo- 
pharyngeus, stylohyoid, and styloglossus 
muscles ; stl, stylohyoid ligament attached 
to the lesser cornu of the hyoid bone, hy ■ 
th, thyroid cartilage. 

sent an upward prolongation of 
Meckel's oartUage, and would then 
belong to the 1st visceral aroh 
(Peters). Lastly, yet another solu- 
tion of the question has been offered, 
viz., that both incus and malleus are 
hyomandibular (Albreoht, G-adow). 

The last mentioned opinion is based 
mainly upon considerations of com- 
parative anatomy, which can hardly 
be left out of account in dealing with 
the morphology of these structures. 
In lower Vertebrata the suspensory 
apparatus of the lower jaw comprises 
besides the hyomandibula, common 
to it and to the hyoid apparatus, a 
large bone, known aa the quadrate, 
by means of which, either directly or 
with the intercalation of an os arti- 
culare, the lower jaw is united with 
the basis cranii and periotic capsule. 
Reiohert looked upon the incus as the 
homologue of the quadrate, and the malleus as that of the os articulare ; and the same view 
was taken by Gegenbaur, Huxley, on the other hand, came to the conclusion that the 
homologue of the quadrate bone of reptiles and birds is to be found in the malleus, and that 
the incus represents a portion of the hyomandibular bar, which, as above stated, is common to 
both first and second arches. Various other observers have concluded that the quadrate of 
lower vertebrates is represented in mammals by the zygomatic process of the squamosal. 
Gadow, however, looks upon it as represented by the tympanic ring of mammals. 

The stapes has been variously described as representing : 1, a part of the hyoid aroh 
(Reiohert) ; 2, a part of the periotic capsule which has become detached (Parker) ; 3, in part 
or wholly, the hyomandibula of lower vertebrates (Gegenbaur, Huxley, Albreoht, Gadow) ; 
i, hyomandibula and detached periotic cartilage conjoined (Gradenigo) ; 5, as an independent 
circular deposit of cartilage around the stapedial artery ' (Salensky, Fraser). It is at any rate 
closely connected with the hyoid bar, which forms from above down the tympano-hyal and 

' This artery disappears in man, but is persistent in many mammals. 
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styloid processes, the stylo-hyoid ligament and the lesser oornua of the hyoid bone (oerato- 
hyal). 

The remaining bones of the visceral skeleton of the head, viz., the maxillary, malar, 
palatine, pterygoid, vomer, nasal, and lachrymal, are all formed in membrane. An account of 
their development is given in the Osteology (Vol. II.). 
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mesenchyme in, 27 

notochord in, 34 

mesoblastio somites in, 37 
Amygdalae (o/uuySaAi;, almond), 66 
Anal membrane, the, 108 

Analogy, api, according to, \6yos, ratio), defi- 
nition of, 4 

examples of, 4 
Anatomy, definition of, i 

departments of, I 
Angelucci on zonule of Zinn, 87 
Annelida {armellus, little ring), 2 
Anterior perforated space, 79 
Anus, formation of, 108, 128 
Aorta [aoprii, ieipa, to lijft), primitive, formation 
of, 38 

descending primitive, 146 

arch of, 148, 150 

bulb of, 144, 147, 148 

descending permanent, 150 
Aortic arches. See Aetbeial Aeches. 



Aqueduct of Sylvius, 62, 67 

Archenterio cavity, primitive (apx4 beginning, 

epTepoy, intestine), 26 
Archiblastio cells of His, 25 
Arteria centralis retinse, 85, 87 
Arterial (aortic) arches, formation of, 38, 146 

division of aortic septum by, 144 

origin of principal arteries from, 146, 147, 
148 

destination of fourth and fifth, 150 
Arteries {aprripla, atpai, to lift), development of, 
146 

from arterial arches, 148, 149 

from arches in birds, 150 

ascending pharyngeal, 148 

auricular, 148 

basilar, 149 

carotid, 148, 150 

common iliacs, 147 

innominate, 150 

intercostal, 149 

inter-segmental, 149 

lingual, 148 

maxillary, 148 

middle sacral, 147 

occipital, 148 

pulmonary, 148, 150 

subclavian, 150 

temporal, 148 

umbilical, 44, 146, 155 

vertebral, 149 

vitelline, 40 
Arthropoda {&pSpov, a joint, irois, a foot), seg- 
mental plan of, 2 

centrolecithal ova of, 8 
Ary epiglottic folds, 103 

Arytenoid cartilages [apiraim, a pitcher), 103 
Ascaris megalocephala, polar globules observed 
in, 9 

fertilisation in, 11, 12 

segmentation of, 16 
Auditory pit, 89 

vesicle, 89 

nerve, 78, 89, 93 

ossicles, 167, 168 
Auricular canal, 142 
Axis, primitive skeletal, 2 



Baeb, von, zona pellucida of, 6 

on bilamination of middle layer of blas- 
toderm, 23 
Balfour, F. M., on amnion and allantois, 45, n, 

blastodermic layers, nomenclature of, 23 

ccelom, typical development of, 24 

head cavities, 161 

limbs, 163 n. 

lens-capsule, 87 
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Balfour, F. M. — continued. 

Miillerian duct, 122, 123 

muscle plate, outer, 161 

nerves, eplblastic, origin of, 57 
spinal, anterior roots of, 74 

neural crest, 73 

cesophagus, obliteration of lumen of, 104, n. 

ova, formation of, 124 

parablast, 27, n. 

primitive groove, 23 

polar globules, theory of, 14 

suprarenals, 122 

sympathetic system, 81 

Wolffian body, 115, n. 
dnct, 118 

vitelline membrane, 8 
Bars, cartilaginous, of man Jiliular arch, 166, 168 

palato-pterygoid, 166 

nyoid, 166, 168 

thyro-hyoid, 166 
Bartholin, glands of, 128 
Basal layer of placental decidua, 51 

attachment of villi to, 52 
Basis cranii, 166 
Bat, placental sinuses in, 52 
Bauchstiel (abdominal stalk), 46 
Beard on branchial sense-organs, 76 
Beneden, v., vitelline membrane, 8 

formation of polar globules, 9 

entrance of spermatozoon in Ascaris, 1 1 

division of nucleus in Ascaris, 12, 16 

blastodermic layers, 18 

blastopore, theory of, 23 

pro- amnion of, 35 
Bile ducts, 112 

Birdsell on sympathetic nerves, 81 
Bischoff on inversion of blastodermic layers, 23 
Bladder, urinary, 122 

Blastoderm (;3Ao<rT<is, a bud, Sepfia, skin), for- 
mation of, 17, 18 

three layers of, 17 

gastrula condition of, 21 
stage typical, 22 

bilaminar, 21 

layers, inversion of, 23 

historically considered, 23, 24 

characters of layers of, 24 

table of development from layers of, 25 

four layers of, 26 

separation of embryo from, 34 
Blastodermic vesicle, definition of, 1 7 

growth in the cat of, 18 

invagination of, 22, 23, 24 

as yolk-sac, 35 

first attaclmieiit of to uterus, 53 
Blastopore (/SXoffTiij, a bud, irSpos, a passage), 
discussion of in meroblastic ova, 22, 23 

diverticula, near to in Sagitta, 26 

connection of anus with, 108 
B\ochmann on extrusion of one polar globule by 

parthenogenetic ova, 14 
Biood, origin fron\ parablastic cells, 21, 25 

co^pu^cles, 40 
Blood islands of Pander, 39 
Blood vessels, formation of, 40 
Body, segmentation of, 2 
Body-cavity. See Ccelom 
Bonnet on middle blastodermic layer, 21 

on connection of notochord with buccal epi- 
blast, 68 
protovertebral cavity, 160 
Born on tlie lachrymal canal, 89 



Bom — continued. 

cephalic clefts, 102, n. 

thyroid, iii 

septum spurium, 141, n. 

auricular canal, 142, 144 

ventricular septum, 142, n. 

foramen ovale, valve of, 144 

pulmonary veins, 144 
Boveri on polar globules in Ascaris, 9 
Bowman, anterior and posterior homogeneous 

lamellie of, 88 
Brain, development of, 61 

flexures of, 63 

fissures and convolutions of, 71 
Branchial sense-organs of Beard, 76 
Bronchi, 109 
Brown, H. H., on extrusion of part of nucleus 

of seminal cell, 12 
Budge on lymphatic system, 158 



Cbcttm (blind), 107 

Calamus scriptorius (writing pen), 62 

Callender on 4th visceral arch, 103 

Canalis re-uniens, 91 

Capsule of lens, 87 

whence derived, 87 
Capsule, cartilaginous nasal, 166 

periotic, 166 
Camoy on polar globules in Ascaris, 9 
Cat, blastodermic vesicle of, 18 
Cauda equina, 60 

Centra (nivrpov, a point), of vertebrse, 2 
Centrolecithal {Keinpov, centre, \-fiKv9os, oil- 
bottle), ova in arthropods, 8 
Cerebellar peduncles, 66 
Cerebellum, 62 

formation of, 66 

amygdalse of, 66 
Cerebral vesicles, 37 

table of development from, 61 

fifth, or bulbar, 63 

fourth or cerebellar, 65 

third, mid-brain, 67 
second, 67 
first, 68 
Chick, pro-amnion in, 34 

rudiments of cranial nerve ganglia in, 75 
ChoanEe {x^avos, a pit for melting metal in), 97, 

100 
Chorda dorsalis, 32. See Notochord. 
Chorda tympani, 79 
Chordae tendinese, 142 
Chorion {x^piov. skin), definition, 42 and n. 

junction of allantois with, 44, 46 
Choroid coat, 87, 88 
Choroid plexuses, 62, 67, 70 
Choroidal fissure, 85 
Cliromatin, filaments of, 12, 16 
Chromosomes (xpai^a, colour, aa>iui, body), 12 
Ciliary body, 88 
Circulation, foetal peculiarities of, 155 

course of, 155 

changes of at birth, 157 
Cloaca, 108, 122, 123, 127 
Cochlea (koxAioj. a snail with a spiral shell), 
canal of, 90 

ganglion of, 78 

in birds, 92 

modiolus of, 93 

bone of, 93 

spiral lamina of, 93 
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Coelenterates (koTAos, hollow, IvTipor, intestine), 

23 
Coelom {ko7\o!, hollow), layers of. 2, 23 

typical origin from invagination, 24, 26 

formation of, 36, 99 

connection of mesoblastic somites with, 37, 

160 
formation of pleursB from, no 
of pericardium from, 135 ' 
serous cavities from, 159 
Coelom-invagiiiations, 22 
connection of, with notocliordal invagina- 
tion, 34 
Colohonia irnlis {Ko\6B'jiiii, a part taken away 

in mutilation), 85 
Columns of cord, anterior white, first rudiment 

of, 59 

posterior white, 59, 75, 78, n. 

structure of, 60 
Commissure, anterior of cord, 60 

grey, 67 

posterior, 67 
Commissures of cerebral hemispheres, 71 
Congenital fissures of neck, 103 
Connective tissue, origin from parahlastic cells, 

21, 25 
Cornea (horny), substantia propria of, 87 

epithelium of, 87 
■ Cornu (horn), anterior, first rudiment of, 59 
Cornu Ammonis(from resemblance to the horns 

of the statue of Zeus- Amnion), 72 
Corpora quadrigemina (four-fold bodies), 62, 67 

striata, 62, 69, 73 
Corpus albicans (white body), 71 
Corpus callosum (the thick body), 71 

peduncle of, 79 
Corti, rods of, 93 

Goste, discovery of germinal vesicle by, 8, n. 
Cotyledons of plaoenta(/coTiA7;, anything hollow), 

SI 
Cowper, glands of, 12S 
Craniata, 27 
Cranium, 165 

Crura cerebri {crus, leg), 62 
Crusta (crust or rind), 67 
Cryptorchismus (/cpiliTTiis, hidden, opx'r. testicle), 

127 
Cunningham, D. F., on sulci of brain, 72, n. 
Cutis vera, formation of from outer muscle plate, 

161 
Cuvier, ducts of, 138, 139, 141, 151, 152, 153 

vestiges of, 154 
Cyclostomata (kukAos, a circle, (TtiJ^o, mouth), 

parablastic elements in blastoderm of, 27 
heart in, 136 
Cystic duct {Kvarts, the bladder), 112 



Dc^idua (dccidere, to fall off), 44 
structure of, 46 
reflexa, 46 
serotina, 46 
vera, 46 

function of glands of, 47 
thickness of vera, 48 
stratum spongiosum of, 49 
stratum comp.ictum of, 49 
atrophy of glands of, 49 
placental, 51 

giant cells in serotina, ,54 
separation of at birtli, 55 



Decidual cells of Friedlander,.49 
Definition of anatomical terms, 4, J 

mesial, 

lateral, 

frontal, 

sagittal [sagitta, an arrow), 

coronal (corona, a ci'owu), 

dorsal (dorsum, a back), 

ventral (venter, belly), 

neural (pcvpov, a cord), 

visceral, 

cephalic (Kftpah'fi, head), 

caudal (cauda, tail), 

axial, 
Deiters, sustentacular cells of, 93 
Delamiuation, process of in blastoderm, 21 

non-occurrence in invertebrata, 22 

Lankester on, 24 
Descemet, membrane of, 88 
Descriptive terms, 4 
Deutoplasm, 7, 8 
Diaphragm (Sid, through, (ppdy/xa, a fence,) 

159 
Directive corpuscles, 9. See Polar Globi'les. 
Discus proligenis, albumen deposited on ovum 

by, 7 
Dohrn on pituitary body, 68 
Dollinger, researches of Pander under, 23 
Ductus arteriosus, 146, 150, 155 
lingiialis, no 
thyreoglossus, no 
thyroideus, no 
venosus, 152, 155 
Duodenal loop, 104 
Dursy on continuity of pumitivo with neural 

groove, 32 
Duval on epiMastic connection of blastodermic 
vesicle to uterine wall, 53 



Ear, a specialised branchial sense-organ, 76 

development of, 89 

accessory parts, 93 
Echiuoderms \4x'i'os, urchin, Sepiia, skin), im- 
pregnation in, n, 12 
Ecker on the Sylvian fissure, 73 
Ectoderm {iKT6s, outside, S4p/xa, skin), primitive, 
18, 19, 24 

invagination of, 22, 23 
Egg tubes, 124 

Elasmobranchs (ii\d(Tiia, lamina, $pdyx'a, gills), 
ccelom invagination iu, 22, n. 

primitive groove in, 23 

neural crest in, 73 

spinal nerves, anterior roots in, 74 

origin of ciliary ganglion in, 81 

auditory vesicle in, 90 

supra-pericardial bodies in, 1 1 1 

liver in, 112 

Wolffian vesicles in, 118, n. 

suprarenal capsules in, 121 

MuUerian duct in, 122 

heart in, 136 

muscle plate, outer, in, 161 

visceral arches in, 161 

head cavities in, 161 

limbs in, 163, n. 
Embryo, human, segmentation, where most 

marked, 2 
Embryo, separation of, from blastoderm, 34 
Embryology (iji^piiov, a thing newlv born , Ao-vo j, 
word), definition, i 
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Embryonic area, 18 

Endocardium (I'l'Soi', within, xapSta, heart), 136 

Endolymphatic canal, 90 

Engelmaun on placenta, 48, n. 

Enteric canal {evrepov, intestine), 22 

groove, 36 
Entoderm (ivrSs, inside, Scpfia, skin), primitive, 
17, 18, 19, 24 

blastopore, relation to, 22, 23 

perforation of by primitive groove, 22 
Entomeres, mass of {ivT6s, within, /itpos, part), 

23 
Epencephalon {eirl, over, iyic€(ptt\os, brain), 66 
Epiblast {M, over, P\a<rTis, germ), 21 

homology with Rauber's layer, 22, n. 

character of cells, 24 

formation of medullary folds by, 32 

formation of ganglia by, 73, 75 

sensory epiblast, 76 

formation of lens from, 83 
Epiglottis {M, upon, yAinTTls, mouth of the 

windpipe), 103 
Epiphysis cerebri {lirupia, to grow upon, cere- 

trum, brain), 67 
Epoophoron (iiri, upon, ai6r, egg, (pepai, to carry) 

ofWaldeyer, 120 
Eustachian tube, 93 

valve, 141, 155 
Ewetsky on bifurcation of lachrymal canal, 89 
External amniotic fold, 43, n. 
Eye, development of, 83 

retina, 86 

hyaloid membrane of, 87 

corneo-sclerotic coat of, 87 

choroid coat of, 87, 88 

iris of, 87, 88 

anterior chamber of, 88 
Eyelids, 89 



Fallopian tube, 7 

fimbi-ia; of, 11 

development of, 117, 124 
False amnion, 42, 43, n. 
Falx cerebri (a sickle), 70 
Fertilization, 11 

Filum terniinale (terminal thread), 60 
Fissure of Sylvius, 72, 73 

of Eolando, 73 
Flemming on WolflSan duct, 118 
Fol on polar globules in echinoderms, 9 
Foramen caecum of Morgagni (blind opening), 102, 

no 
Foramen of Monro, 63, 68 

ovale, 144 

closure of, 155, 157 
Fore brain, 38 

Fore-gut, first formation of, 34 
Fornix (an arch), 71 
Foster on nomenclature of the blastodermic 

layers, 23 
Eraser on inversion of blastodermic layers, 23 

auditory ossicles, 168 
Fretum Halleri (a strait or channel), 141 
Friedlander, decidual cells of, 49 

on giant cells in deeidua serotina, 54 
Froriep on branchial sense-organs in mammals, 
76 

vertebral column, 162 
Furcula, the (forked prop), 102, 103 



Gadow on auditory ossicles, 168 

Gall bladder, 112 

Ganglia (ydyyMov, a swelling), posterior-root, 74 

rudiments of, in cranial nerves, 75, 76 

Gasseiian, 78, 81 

jugular, 78 

COchlcEB, 78 

spiral, 78 

geniculate, 78 

sympathetic, 81 

ciliary, 81 

ophthalmicus profundus of elasmobranchs, 
81 
Ganoids {ydvos, bright, iTSos, form), heart in, 136 
Gartner, duct of, 120 
Gaskell on cranial ganglia, 77 

nuclei of cranial nerves, 77 

sympathetic ganglia, 81 
Gastrula {ya<TT'fip, belly), 21 

views of formation, 22, 23 
Gegenbaur on homodynamy, 4 

Jacobson's gland, 97 

remains of notochord, 162 

auditory ossicles, 168 
Generative organs, male, 117, 120, 125 

external, 127 

female, 124 

table of, 130 
Genital cord, 123 

ridge, 124 
Germ cell, 12 
Germinal cells, 58 
Germinal epithelium, 117 

connection with Wolffian tubules, 120 

formation of ovary from, 124 
of testicle from, 125 
Germinal spot, 8 
Germinal vesicle, structure of, 8 
Giant cells of placenta, 54 
Gill slits, 103 
Girald^s, organ oi', 120 
Girdle, thoracic and pelvic, 164 
Globular processes of His, 95 
Glomeruli (giZomtts, ball of thread), 119, 122 
Golowiue on ganglion rudiments, 75 

special sense-organ rudiments, 76 
Gotte on Wolffian duct, 118 
Graaf, de, on pineal eye, 68 
Graafian follicle, 6 

union of cells of, with oviim. 7 

changes prior to escape of ovum, 9 

formation of, 124, 125 
Gradenigo on the stupes, 168 
Gruber on a case of venous abnormality, 155 
Gubernaculum testis (a helm), 126 

changes of in descent of testicle, 127 
Guinea-pig, formation of amnion in, 43 

allantois in, 46 
Cyrus subcallosus of Zuclccrkandl,-8i 



Hadben, on origin of segmental duct, 118 
JIaeckel, on gastrula stage and gastnilisation, 

22, 23, 24 
Haller, vasa aberrantia of, 120 
Hare lip, 97 

Hassal, concentric corpuscles of, H2 
Head, first appearance of, 34 

muscles of, i6i 

evidences of segmentation of, 161 

skeleton of, 166 

visccial skeleton of, 166 
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Heape, on blastodei-mio layers in the mole, i8 

rudimentary blastopore in the mole, 22 
Heart, formation of, 38, 136 
beginning of beat, 39 
endothelial tube of, 134 
folding and division of, 137, 141, 142 
saccus reunieus, 139 
septum spurium of, 141 
valves of, 141, 142 
fretum Halleri of, 141 
septum inferius of, 141 
auricular canal of, 142 
septum intermedium of, 142 
chordae tendinese of, 142 
foramen ovale of, 144 
limbus Vieussenii of, 144 
muscle of, 145 
coluranse carneae of, 146 
foetal, peculiaiities of, 146 
Hedgehog, placental sinuses in, 52, n. 

epiblastic attachment to uterus in, 53 
Henle, loops of, 122 
Hensen, caualis re-uniens of, 91 
on Wolffian duct, 118 
heart, bilateral, 134 
Hermaphroditism ('Ep/iijs, ' A/ppoShn, a male and 

female god), 12 
Hertvvig, 0. and E., on polar globules in 
echinoderms, 9 
coelom-invaginations of, 22 
coelom, typical dovelojmient of, 24 
mesodcrmic layers of, 26, 27, n. 
mesenchyme of, 26 
Hind brain, 38 
Hind gut, formation of, 36 

connection with allaritois, 46 

with Wolffian duct, 1 18 
His, W., abdominal stallc of, 46 
on accessory thyroid bodies, no 
allantois, loi, n. 
arterial arches, 147 
ascending roots in medulla, 66 
auiicular canal, 142 
axis cylinders, growth of, 75 
blood-vessels, 151 
Broca's area, 79 
cephalic clefts, 102, u. 
endothelial tube of heart, 136 
on epiblastic origin of ganglia and posterior 

roots, 57 
germinal cells of, 58 
on geniculate ganglion, 79 
globular processes of, 95 
on heart, bilateral, 134 
isthmus of, 67 
on laminae of cord, 60 
lens capsule, 87 

mechanical theory of development, 24 
mesoblast, origin of in part from thickened 

rim of blastoderm, 23 
nerve fibres, somatic and splanchnic, 77 
olfactory epiblast, 98 

nerve fibres, origin of, 77, 81 
parablast, theory of, 25, 26 
on pinna, 95 
porta vestibuli of, 157 
on pulmonary veins, 144 
researches of, 6, n. 
saccus reunieus of, 139 
septum atriorum, 144 
inferius of, 141 
between stomodffium and fore-gut, 99 



His — continued. 

septum, transverse of, 159 
sinus arcuatus, 102 
on spinal nerves, roots of, 74 
spongioblasts of, 58 
sulcus terminalis, io2 
thyroid, no 

on tuberculum impar, 102 
visceral arches, 102 
Histology {i<n6ii, a web; \6yos, word), defini- 

tiou, I 
Hofmann, gastrulatiou in elasmobranchs, 22, n. 
Holoblastic ova (SAos, whole ; /3a.oitiJs, a germ), 
definition of, 8 
invagination of, 22 
Homodynamy {6ij.6s, the same ; Sivaius, power), 4 
Homogeny {.if^os, the same ; yhos, descent), 4 
Homology (i/i(is,the same ; hSyos, word),definition 
of, 4 
serial homology, 4 
examples of, 4 
Hubrecht, on epiblastic connection of blasto- 
dermic vesicle with uterus, 53 
Huxley, on two layers of ccelenteraies, 23 

auditory ossicles, 168 
Hymen,* the (the god of marriage), 128 
Hyoid, the (T elSos, the form of the Greek letter 

T), 166, 169 
Hypoblast {lm6, under ; j3\o(rTi(j, germ), 21 
characters of cells of, 24 
formation of notochoid from, 32 

allantois from, 44, 46 
Hypophysis cerebri (!mo(pioi,i,o grow from below), 

68, 100. And see Pituitary Body. 
Hypospadias (uir<i, under ; a-naa, to tear), 129 



IMPKBGNATIO^% II 

Incisor foramen, 97 
Incus (an anvil), 167, 168 
Infundibulum, the (a funnel), 61, 67, 68 

of lung, no 
Intermediate cell mass, the formation of 
Wolffian duct from, 115 

of pi^rmauent kidney from, 122 
Intermaxillary process, 95 
Intervertebral disc, 162 
Intervillous space, 51 

question of blood in, 53 
Intestines, 104 

large, 106 
Invagination iu holoblastic ova, 22 

aperture of, 22 

resemblance to blastopore, 22 
Inversion of blastodermic layers, 23 
Iris, 86, 87, 88 

Ischikawa on segmentation of ovum before fer- 
tilization, 14 
Island of Eeil, 70, 73 
Isthmus faueium, 100 
of His, 67 



Jacobson's organ, 95, 97 



Kaetokinesis (xipvov, a kernel ; Klvnats, move- 
ment) of germinal cells, 58 

Karyoplasm (xipvov, a kernel ; irAticr/io, a mould) 
of germinal vesicle, 8 

Kessler, on Ions capsule, 87 

substantia propria of cornea, 87, u. 
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Kidney, head or fore, 115, 117 

mid, 116 

hind or permanent, 117, 122 
Kolliker on liaubev's layer, 18 

intermediate layer of blastoderm, 20 

placenta, 53 

lens capsule, 87 

the anterior chamber, 88 

cephalic clefts, 102, n. 

air cells of lung, 1 10 

thymus, 11 1 

heart, 134 

endothelial tube of heart, 136 

raesocardium laterale of, 136 

cartilage of vertebrse, 162 
KoUmanu, parablastic theory of His, adherence 

to, 26 
Kowalevsky, researches on Sagitta and Amphi- 

oxus, 24, 26 
Kuiidrat on placenta, 48, n. 
Kupffer, gastrulation, view of, 22 

His' parablastic theory, adherence to, 26 



Labia majora (greater lips), 128 
Labyrinth, the, the recess of, 90 

perilymphatic spaces of, 93 
Lachrymal canals and ducts, 89, 97 
fissure, 89 
gland, 89 
Laminae of cord, alar, basal (dorso-lateral) 

(veiitro-lateral), 60, 63, 65, 66, 77 
Laiighans on placental sinuses, 53 
Laiikestpr, on homogeny, 4 

blastopore, 22 

primary layers of blastoderm produced by 
delamination, 24 
Larynx, no 

Lemurs {lemur, ghost), nasal gland in, 98 
Lens, 83, 86 

vesicle of, 87 

transitional zone of, 87 

capsule of, 87 
Leopold on placenta, 48, n. 

giant cells in decidua serotina, 54 
Leydig on special sense organs of gill clefts, 76 
Lieberkiihn on blastodermic layers in mole, 18 

on lens capsule, 87 

zonule of Zinu, 87 
Ligam«ntum arteriosuin, 150 
Limbs, 4, 163 

segments of, 164 

rotation of, 165 

bones of, 165 
Limbiis (a band) Vieussenii, 144, 157 
Literature, leoent, of the ovum, 14 

blastoderm, 27 

embryo, formation of, 41 

general subject of embryonic furraatiou and 
development, 41 

decidua, 55 

nervous system, development of, 81 

sense organs, 98 

alimentary canal and glands, lungs, 113 

urinary and generative organs, 132 

blood system, 158 

serous cavities, muscles and skeleton, 169 
Liver, 106, H2 

weight of, 113 

formation of veins of, 151, 152 
Lookwood, on protovertebral cavity, 160 



Lungs, development of, 109 
Luschka, on urachus, 122 

notochord, remains of, 162 
Lymphatic system, 158 



Mackay on arterial arches of the bird, 150 
Macula germinativa (germinal spot), 8 
Malleus (a hammer), 167, 168 
Malpighian corpuscles of spleen, 108 

of Wolffian body, 120 

of permanent kidney, 122 
Marshall, vestigial fold of, 155 

Milnes, on head cavities, 161 
Martin on Wolffian duct, 118 
Masius on epiblastic connection of blastodermic 

vesicle with uterus, 53 
Mechanical theory of development, 24 
Meckel, J. ¥., 23 
Meckel's cartilage, 166, 167, 168 
Medulla oblongata, 62 

formation of, 63 
Medullary folds, fonnation of, 30, 32 

groove. See N"bukal gkoovb. 
Membrana liinitans of retina, externa, 86 

interna, 83, 86 

nictitans, 89 

reuniens, superior of Eemak, 32, 162, 165 

tectoria, 93 

tympani, 93 
Membranes of cord, development of, 60 
Meroblastic ova (;U^pos, apart, pxaaros, a germ), 
definition of, 8 

gastrular stage in, 22 

Haeckel, view concerning blastopore in, 23 

mesenchyme in, 27 
Mesenchyme {fiea-os, middle, x^l'-^^i juice), 26, 

27 
Mesencephalon (|UeVos, middle, iyicifoKos, brain, 
67 

connection with optic stalks, 85 
Mesentery, the (jifaos, middle, evrepov, intestine), 

104, 107 
Mesoblast, formation of, 20, 21 

origin, varieties of, 22 

His' view of origin, 23 

character of cells, 24 

connection with mesenchyme, 26 

paraxial and lateral, 32 

cleavage of, 36 

formation of vessels in, 39 

growth of with allantois, 44 
Mesoblastic somites, 37, 159, 162 

cavity in, 37, 160 
Mesocardium, anterius, posterius, lateralis, 136 
Mesocolon {koXov, gi'eat intestine), 106 
Mesogastrium (yaa-tijp, belly), 106, 107 
Mesonephros (vi(pp6s, kidney), 116 
Mesorchium (Spx's, testicle), 126 
Mesorectum, 106 
Mesovariuni, 126 

Metameres {i>.fra., foUowinfj, liipos, a part), 4 
Metanephros (jutTo, behind, vs<pp6s, kidney), 

117 
Metazoa (/ueTo, after, fcoor, animal), 18, 26 
Metencephaloii (^crct, liehind, eyicf(pa.Kos, brain) 

63 
Meuron, de, on obliteration of human oesopha- 
gus, 104, n. 

thymus, in 
Micropyle {iuKp6s, small, itix-ij, opening), 11 
Mid brain, 38 
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Mihalkovics on stomodseum in rabbit, 99 
snpra-renal capsules, 120 
Mtillerian ducts, 123 
ovary, 124, n. 
llinot, polar globules, theory of, 12, 14 
on placenta, 48 n. 

chorionic epithelium, bounding placental 
sinuses, 52, n. 
Mitsukuri on supra-renals, 122 
Modiolus, the (nave of a wheel), 93 
Mole, primitive ectoderm in, 18 

blastopore in, 22 
Monotremes (fioVos, single, rpfiiia, a hole), 6 
amount of yolk of, 8 
cloaca in, 108 
Jlorbus coemleus (the blue disease), 158 
Morgagni, hydatids of, 124 
Morphology {fjLop(p-fi, form, \6yos, word), deter- 
mination of, 2 
Mouth, formation of, 99 

non-correspondence of primitive with per- 
manent, 100 
Mulberry mass, 16 

Miiller, E., on muscular tissue of primitive 
aortse, 151 
Johannes, Miillerian duct named after, 

117 
W., sense epithelium of, 86 
Miillerian duct, 117, 122, 123, 124, 127 

invaginations, 115, n. 
•Miillerian fibres, 86 
Muscle plate, 160 
inner, 160 
outer, 161 
Muscles, 159 
Myelospongium {fi,vi\6s, marrow, a-ndyyos, 

sponge), 58 
Myotomes {/'■vos, a muscle, Tefivai, I cut), 4 



Xasal processes, 95 

laminaB, 95 

septum, 95 
Naso-palatine canal, 97 
Nerves, fifth ascending, root of, 66, 78 

vagus and glosso-pharyugeal, ascending root 
of, 66, 78 

fifth sensoi-y fibres of, 66, 78 
motor fibres of, 66 

sixth, seventh, 66 

third, fourth, 67 

i-]iiuai, formation of, 73 

roots of, 74 

axis, cylinders of, 75 

traces of ganglia in cranial, 77 

cranial, 75 

auditory, 78, 89, 93 

sympathetic, 81 

nuclei of origin of cranial, 77 

inferior laiyngeal, shifting of, 149 
Nerve fibres, origin from neuroblasts, 58, 59 

origin of somatic and splanchnic, 77 

ollactory, 81 
Nervous system, general view of development, 57 
Nem'al canal, 32 

parietes of, structure of, 57 

crest, 73, 75 

groove, formation and closure of, 30, 32 

formation of cerebral vesicles from, 37 
Neurenteric canal (vevpov, nerve, ivrepov, in- 
testine), 22 

piercing of notoctord by, 32 



Neuroblasts (veipov, nerve, ^Kaajds, germ), 58, 

59, 74. 98 
Neuroglia (vevpov, nerve, 7X111, glue), origin of, 

60 
Nose, a specialised branchial sense organ, 76 

formation of, 95 
Notocliord {vSiTos, the back, X'>P^''I' " string of 
gut), 2 

formation of, 32 

an embryonic structure, 34 

structure of, 34 

connection with buccal epiblast, 68 

formation of vertebree round, 162 

connection with cranium, 165 
Notochordal canal, 34 
Nuck, canal of, 127 
Nuclei of origin of cranial nerves, 77 
Nucleolus of ovum, 8 
Nucleoplasm of germ and sperm cells, 12 
Nucleus (a kernel) of ovum, changes in, 6, 9 

chromatin filaments of, 12 
Nymphse, 128 



CESOPHAGUS (01011 = (p^po!, to carry, <paye7i', to 

eat), 103, 104, n. 
Olfactory {olfacio, to smell) area, 95 

bulb, 8 1 

epithelium, 98 

glomemli, 81 

pit, 95 

lobes, 62, 71 

junction of ganglionic rudiment with, 77 

formation of, 79 
Olivary tubercle, 65 
Omental sac, 106 
Omentum, great, 106, 108 

gastro-hepatic, or small, io6, 113 
Omphalomeseraic vein {dii<pa\6s, navel, ixuxapaioi; 

mesentery. See Vitelline Vein. 
Onodi on sympathetic nerves, 81 
Optic chiasma [x^aafia, two lines placed cross- 
wise), 85 

cup, 83 

nerves, origin from fore-brain, 38, 67, 79 

stalks, forjnatiou of, 85 

thalamus, 62, 67 

tracts, 67, 85 

vesicles, primary, 61, 67, 83 
Organ, definition, i 
Organization, plan of, 2 
" Organs of the lateral line," 76 
Os articulare (joint bone), 168 
Otic ve-siele {ols, diTinis, ear, of the ear), 89 
Ovary, 6, 124, 125 

round ligament of, 126 

change of position of, 127 
Oviparous {ovum, egg, pario, to produce) verte- 

brata, 8 
Ovum (egg), alecithal, 9 

attachment of to uterus, 46 

centrolecithal, 8 

deutoplasm of, 7 

development, changes prior to, 6 

gastrula of, 21 

germinal vesicle of, 8 

holoblastic, 8 

human, exception to rule of separation from 
■chorion, 46 

human, villi in earliest described, 55 
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OYu.m— continued. 
fertilization of, ii 
niamnialian, descent of, 8 
mstm-ation of, 9 
mnroblastic, 8 
poiniaiicnt, 125 

pol:ir globules, extrusion fi-om, 9 
prinionlial, 124 
segmentation of, 16 
size of, 6 
stiise of, 6 
structure of, 6 
yolk of, 7 
zona pcllueida or zona radiata of, 6 



Palate, the, 97 

cleft, 97 
Pancreas (tiSj', all, /cpeas, flesh), 108, 113 
Pander, researches on blastoderm, 23 

mechanical theory of, 24 

Mood islands of, 39 
Papillary muscles, 142 
Parablastic cells (irapd, beside, $\aiTT6s, germ), 

21, 25, 27 
Parachordal cartilages {irapd, beside, xop^'h, 

string ; near the notoehord), l65 
Parker, on formation of xiphoid, 163 

stapes, 168 
Parovarium (irapi, beside ; ovwnum, ovary), 120 
Pai'S ciliaris retinae, 86 
Pai1;henogenesis (vrapSt'i/oj, virgin ; yivsais, 

origin), polar globules in, 14 
Parturition, separation of membranes in, 55 
Paterson on origin of sympathetic system, 81 

limb muscles, 163, n. 
Penis, 128, 129 

Pericardium (vepi, about ; xapSta, heart), 135, 159 
Peritoneum {irept, about ; Tiivto, to stretch), 159 
Perivitelline space {vitellus, yolk), 9 
Peters on hyomandibula, 168 
Petromyzon (TreVpos, a stone ; /nufm, to suck ; 

lamprey), pituitary body in, 68 
Pfliiger, egg tubes of, 124 
Pharyngeal septum, 100 
Pharynx, lOl 

Pliiltrum (<j>i\Tpov, loveliness), 95 
Pineal gland {pinea, a fir-cone), 61, 67 

as rudimentary eye, 68 
Pinna, the (a feather), 95 
Pituitary body (pituita, phlegm), 61, 67 

formation ot, 68 

in Petromyzon, 68 

connection with stomodjeum 100 
Placenta (a cake), 44 

formation of, 49, 51 

basal layer of, 51 

subchorionic membrane of, 51 

loculi or cotyleiions of, 51 

structure ot sinuses of, 52 

intervillous spaces of, 51, 53 

weight and size of, 53 

microscopical structure of, 53, 54 
Placental decidua, 51 

sinuses, structure of, 52 
Plane, median, 4 

Plasmse of Weismann, nuclear, nutritive, ger- 
minal, histogenetic, 14 
Pleurae {irK^vpi, a rib), no, 159 
Pleuro-peritoneal cavity. See C(elom 



Plica gubernatrix (guiding fold), 126 

semilunaris, 89 
Polar disc, 1 1 
globules, 6 

formation of, 9, 12 
where observed, 9 
of Ascaris msgalocephala, 9 
of plants, 9 
Minot's theoi'y of, 12 
Weismann's theory of, 14 
Pons (bridge), 62 

formation of, 66 
Porta vestibuli (gate of the vestibule), 157 
Prse-hyoid glands, no 
Pregnancy, changes of uterus in, 48 
Primary placental circulation, 53 
Primitive groove, formation of, 19 

as extension of blastopore, 22 
as homologue of part of entoderm, 

23 
Balfour's view of, 23 
connection with neural groove, 

30, 32 
streak, formation of, 19 

an ectodermal thickening in- 
dented by blastopore, 22 
origin of mesoblast from, 22 
connection with notoehord, 32 
velum (velwm, a curtain), 100 
Pristiurus, heart in, 136 
Proamnion, 35, 42, n. 
Process, nasal, 95 

fronto-nasal, 95, loi 
maxillarj', 97, loi 
globular, 95 
tympano-hyal, 168 
styloid, 169 
Processus vaginalis, 127 
Proctodaeum (irpuj/cros, the anus), 108 
Pronephros (irpi, before ; ve<pp6s, kidney), 115 
Pronucleus, female, male, 9, II, 12 

chromatin filaments, in, 16 
Prosencephalon (Trpds, besiaes; i7KE'rf)aAos, brain), 

68 
Prostatic vesicle, 124 
Proto vertebras (irparos, first ; vertebra, I turn), 

37 
See Mesodlastio somites. 
Protovertebral cavity, 37, 160 
Pulmonary blood-vessels, no 
Pupillary membrane, 87, 88 
Purkinje, germinal vesicle of, 8 
Pyramidal tracts, the last to be medullated, 60 
Pyramids, anterior, 65 



QXTADKATE, the, 1 68 



Rabbit, polar globules observed in, 9 
]'ro-amnion in, 35 
stomodaeum in, 99 
Ram6n y Cajal, on posterior roots of spinal 

nerves, 75 
Rathke, diverticulum of, 68 
on hypophysis cerebri, 100 
visceral arches, 103 
arterial arches, 147, 150 
trabeculae cranii of, 166 
Rauber, layer of, 17, 18, 22, n., 23 

on the mechanical theory of development, 
24 
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Recessas pulmonales (recesses ot the lungs), 

Reioliert on villi In earliest ovum, 55 

mantle of, 70 

on incus and stapes, 168 
Reid, John, on foetal circulation, 157 
Reiu on the polar globules in the rabbit, 9 
Remalcon bilaminatiou of middle blastodermic 
layer, 23 

membrana rcuniens superior of, 32, 162 
Renal organs, embryonic ducts of, opening into 

allantoic pedicle, 46 
Renson on extrusion of part of nucleus of seminal 

cell, 12 
Restiform bodies, 65 
Retina {rete, a net), origin from fore-brain, 38 

development of, 83, 86 

membranaj limitantes of, 83, 86 

rods and cones of, 84, 86 

hexagonal pigmented epithelium of, 84, 
85 

central blood-vessels of, 85, 87 

ganglionic layer, 85 

sense epithelium of, 85 
Retzius on the zona radiata, 7 
Rhornboidal sinus, 5o 
Ribs, development of, 163 
Rodents, inversion of blastodermic layers in, 

23 

Paterson on sympathetic in, 81 

nasal septum in, 95 
Rosenburg on Wolffian duct, 118 
Round ligament, 126 

Ruckert on ccelom invagination in elaamo- 
branchs, 22, n. 

heart in Pristiurus, 136 



Saeatiep., on origin of subclavian artery, 

15° 
Eustachian valve, action of, 157 

Saccule, 78, 90 

Saccus reuniens, 139, 151 

Sagitta, origin of mesoblast in, 22 

Kowalevsky on, 24, 26 

mesenchyme in, 27 
Salensky on the stapss, 168 
Sauropsida [iraipa, a lizard ; Sifny, look), hyd- 

mandibular arch in, 168 
Rcalse (scala, a stair) of cochlea, 93 
Scarpa, gangliform swelling of, 78 
Schenk, on sympathetic nerves, 81 
Schmidt, on Thebesian valve, 141 
Sehneiderian membrane, 81 
Schultze, M. , on rods and cones, 86 
Sclerotic (anX-npds, hard), 88 
Scrotum, 127, 128 
Sedgwick, on Wolffian body, 115, n. 

Miillerian duct, 123 
Segmental tubes, 118 
Set'iuentation of ovum, complete, incomplete, 8 

main factors of, 9 

before fertilization, 14 

after fertilization, 16 
ielcnka, on inversion of blastodermic layers in 
rat and mouse, 23 

epiblastio connection of blastodermic vesicle 
with uterus, 53 
Semicircular canals, 78, 91 
Seminal coll, 12 



Septum lucidiim (transparent partition), ventricle 
of, 70 
spm'ium, 141 
inferius, 141 
membranaceum, 142 
intermedium, 142, 144 
transverse, the, 159 
Serous cavities, 159 
Sexual cells, origin of, 14 

conjugation of, Minot's theory of, 14 
Sinus arcuatus (arched hollow), 102 
venosus, 112, 138, 151 
urogenitalis, 123, 128 
Skull, formation of, 166 

oliondrification of, i56 
Somatopleure (o-ai^a, body ; Tr\evpd, the side), 

35 
formation of, 36, 99 
origin of amnion from, 42 
Somites {aaita, body), mesob'astic, 4 
Spee, on connection of mesoblastic cleavage with 
notochordal canal, 34 
epiblastic origin of Wolffian duct, 118 
Spencer, Baldwin, on pineal eye, ,58 
Sperm cell, 12 

Spermatozoon {awtpixa, seed ; fwoy, animal), 
accession of, to ovum, 6, 9 
fertilization by, 1 1 
fate of tail of, 1 1 
maturation of, 12 
Spinal accessory, origin from basal lamina, 

60 
Spinal cord, development of, 57 
outermost layer of, 58 
anterior cornu of, iirst rudiment of, 59 
columns of, 59 
fissures of, 59 
anterior commissure of, 60 
dorso-lateral and ventro-lateral laminae of, 

60 
filum terminale of, 60 
Cauda equina of, 60 
growth of, pari passu with vertebral canal, 

5o 
membranes of, 60 
Splanchnopleure {(rTr\iyxvov, the inwards ; 
irKeupd, the side), 35 
formation of, 36, 99 
Spleen, 108 
Spongioblasts {(rvSyyos, sponge ; ^7i.aaT6s, germ), 

58 
origin of neuroglia from, 61 
Stapes (a stirrup), 168 
Sternum, 163 
Stomach, 104 
Stomodienni {arSixa, mouth), 58, 99 

connection Avith nose, 95 
Strahl, on Wolffian duct, iiS 
Stratum compactam, 49 

spongiosum, 49, 55 
Subchorionic membrane of Turner, 51 
Sulci of brain, primitive, 72 
principal, 73 
Sulcus, anterior limiting and lateral limiting, 

34> 35 
terniinalis, 102 
Supra-hyoid glands, 1 10 

-pericardial bodies, ill 
Suprarenal capsules, 120 
Suspensoiy ligament, 113 
Symmeti-y of form, 4 
bilateral, 4 
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Sympathetic ganglia, 8 1 

connection of, with supra-renal capsules, 

122 



Teeth, 109 

Tegmentum (a cover), 67 

Teleosteans (reAfos, complete, o(tt4ov, bone), 

Wolffian duct in, 118 
Telolecithal ova (t6\os, end, and \fiKvBos, oil- 
bottle), 8, 27, 30 
Terminal sinus, 40 
Testicle, 117, 125 

descent of, 126, 127 
Testis. See Testicle. 
Textures, general, 1 

Thalamencephalon {B6i\Siuis, chamber, iyxitpaXos, 
brain), 61, 67 

connection with optic stalks, 85 
Thebesian valve, 141 

Thomsen on ganglionic traces in third nerve, 77 
Thomson, Allen, on primitive aortie, 146 
Thymus (Bva, to offer as a sacrifice), ill 
Thyroid (Si/pedj, a shield), 102 

formation of, no 

pyramid of, no 
Tiedemann on rhomboidal sinus, 60 
Tissues, general, i 

Toldt on mesentery of pancreas, I13 
Tongue, lOO 

formation of, 102 

foramen csecum of, 102 

papillse of, 102 

sulcus terminalis of, 102 
Trabeeulae cranii {trabs, a beam, diminutive of), 

166 
Trachea (Tpax«s, rough), no 
Trigonum olfactorium {rpiyavos, triangular), 79 
Ti-ophoblast {Tpo(pii, nourishment, PXaaris, 

germ), of Hubrecht, 53 
Truncus arteriosus, 151 
Tuberculum impar (unpaired tubercle), 102 
Turner on placenta, 48, n. 

subchorionic membrane of, 51 
Type, vertebrate, maiu features of, 2 



Umbilical cord, 36, 43, 104, 122, 151 

Umbilical duct, 36 

Umbilical vesicle, 36 

Umbilicus (the navel), 43 

Urachus ioSpov, urine ; ex""! to hold), 122 

Ureter {oiipea, to make water), 122 

Urethra, 122, 128 

Uriniferous tubules, 119 

Uterus, mode of attachmeut of ovum to, 46 

changes in pregnancy, 48 — 55 

regeneration of after parturition, 55 

formation of, 124 

bifid stage of, 124 

OS and cervix of, 124 
Uterus masculinus, 124 
Utricle {lUriculus, a little womb), 91 
Uvea (mbo, a cluster of grapes), 84, 85, 86, 8 



Vaoina (a sheath), 124 
Valve of Vieusseus, 66 
Vasa abeiiautia of Haller, 120 
Vascular area, 39, 151 
lamina, 151 



Veins, azygos, 154 

cardinal, 151, 152, 153 

connection of, with heart, 138, 139 

iliac, transverse, 153 

inferior cava, 152, 153 

innominate, 154 

intercostal, su|ierior, 154 

jugular, transverse, 154 

jugular, primitive, 151, 152, 153 

primitive, formation of, 39 

portal and hepatic, 151, 152 

pulmonary, 144 

subclavian, 154 

superior cava, 151, 154 

umbilical, 138, 151, 152, 155 

vitelline, 39, 40, 112, 138, 151, 152 
Velum palati (curtain of the palate), 100 
Vena aseendens, 152 
Venae, advehentes and revehentes, 112, 151, 

152 
Venous annulus of duodenum, 151, 152 
Ventricles, lateral, 62 

third, 62, 67 

fourth, 62, 66 

fifth, 70 
Vererbungstheorie of Weismann, 14 
Vermiform appendix, 107 
Vertebra (verto, 1 turn), 2 

permanent, 162 
Vertebral column, development, 2, 162 

bodies, 2 

-segments, 4 
Vertebrate type, 2 

Vesicles of the cerebral hemispheres, 61 
Vestibule, 78 
Villi {villus, shaggy hair) of chorion, 43 

vascularisation of, 44, 52 

connection with glands of decidua, 47 

zone of, 55 
Visceral arches, formation of ossicles of ear from, 
93 

first, or mandibular, loi, I02 

cephalic, 102 

second or hyoid, 102 

third or thyro-hyoid, 103 

palato-pharyngeal, 103 

post- and prse-buccal, 103 

blood supply of, 103 

cartilaginous bars of, 103, 166 
Visceral clefts, 103 

first foi-mation of middle ear from, 93 

cephalic, loi 

hyomandibular, 103 

fourth, formation of thyroid from, no, in 
Vitelline arteries, 40 

circulation, 40 

duct. 46, 104, 151 

membrane, 8 

veins, 39, 40, 112, 138, 151, 152 
Vitellus, structure of, 7. See Yolk. 
Vitreous humour [vit7-um, glass), 83, 85, 87 

Wagxer, macula germinativa of, 8 
■\Valdeyer on His' parablastic theory, 26 

placental sinuses, 52 

epoophoron of, 120 

germinal epithelium of, 124 
Weismann, theory of, 14 
Weldon on supi-a-renal capsules, 120 
Wijhe, v., on Wolffian vesicles, 118, n. 

head cavities, 161 

typical somite cavity, 161, n. 
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Wolff, C. F., first suggestion of laminse in blasto- 
derm ty, 23 

duct of, 115 
Wolffian body, 115;, n., 116, 117, 118, 122 

atropbic changes of, 120 

connection with testis, 120, 126 

veins of, 151 
Wolffian duct, 115, 116, 117, 118 

remnant of, in paiorarinm, 120 

as duct of Gartner, 120 

male generative organs, 1 20 

permanent kidney, 122 

connection with Miillerian duct, 123 



Wolffian vesicles. 118, 118, n. 

Yolk, structure of, 7 
sac, 3;, 99, 104 
vitelline circulation round, 40 

Zachabias, polar globules in A scans, 9 
Zitnniermann on arterial arches, 151 
Zona pellucida (transparent zone), 6, 7 

penetration of, by spermatozoon, 1 1 
Zonule of Zinn, 87 
Zuokerkandl, gyrus subcallosus of, 81 
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OCCASIONAL PAPERS ON MEDICAL SUBJECTS, 1855-1806. 
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AND THE ALLIED SCIENCES, Comprising the Pronunciation, 
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Collateral Descriptive Matter, numerous Tables, &c. By ALEXANDER 
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THE SCIENCE AND ART OF SURGERY ; A TREATISE 
ON SURGICAL INJURIES, DISEASES, AND OPERATIONS. 
Tenth Edition. Revised by the late MARCUS BECK, M.S. & M.B. 
(Lond.), F.R.C.S., Surgeon to University College Hospital, and Professor of 
Surgery in University College, London ; and by RAYMOND JOHNSON, 
M.B. & B.S. (Lond.), F.R.C.S., Assistant Surgeon to University College 
Hospital, &c. Illustrated by nearly l,ooo Engravings on Wood. 2 Vols, 
royal 8vo, 48J. 
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SIGNIFICANCE, IDENTIFICATION, AND REMOVAL. 
Together with an Account of the Bacteriological Methods Involved in their 
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Sanitary Aspects of Water Supply. By Professor PERCY FRANKLAND, 
Ph.D., B.Sc. (Lond.), F.R.S., Fellow of the Chemical Society; and 
Mrs. PERCY FRANKLAND, Joint Author of " Studies on Some New 
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GAIRDNER AND COATS. ON THE DISEASES CLASSIFIED 
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TURES TO PRACTITIONERS. By W. T. GAIRDNER, M.D., LL.D. 
On the PATHOLOGY of PHTHISIS PULMONALIS. By JOSEPH 
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THE ESSENTIALS OF MATERIA MEDICA AND THERA- 
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Professor of Materia Medica and Therapeutics in King's College, London, &c. 
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GRAY. ANATOMY, DESCRIPTIVE AND SURGICAL. By 

HENRY GRAY, F.R.S., late Lecturer on Anatomy at St. George's 
Hospital. The Thirteenth Edition, re-edited by T. PICKERING PICK, 
Surgeon to St. George's Hospital ; Member of the Court of Examiners, Royal 
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Svo, SJ-. 

* ^ This is a book suitable for medical students. It treats of the 
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for Sick Children, Great Ormond Street, Surgeon to St. Maiy's Hospital, 
London, an4 eo- Lecturer on Surgery, late Lecturer on Anatomy in its Medical 
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OF THEIR RESPECTIVE SUBJECTS. They can be obtained separately as 
follows : — 
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by 102 Engravings, many of which are Coloured. Royal Svo, ^s. [Ready. 
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Demonstrator of Pathology in the Royal College of Surgeons, Ireland, late 
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CROOKES. SELECT METHODS IN CHEMICAL ANALYSIS 
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DU BOIS. THE MAGNETIC CIRCUIT IN THEORY AND 
PRACTICE. By Dr. H. DU BOIS, Privatdoeent in the University of 
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numerous Illustrations. 8vo, 12s. net. 



GANOT. ELEMENTARY TREATISE ON PHYSICS; 
Experimental and Applied, for the use of Colleges and Schools. Translated 
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by E. ATKINSON, Ph.D., F.C.S., formerly Professor of Experimental 
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NATURAL PHILOSOPHY FOR GENERAL READERS 
AND YOUNG PERSONS; Translated and Edited from Ganot's 
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SON, Ph.D., F.C.S. Eighth Edition, carefully revised; with 7 Plates, 
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THE ELEMENTS OF MECHANISM. New Edition, re-written 
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Musical Students. By ALEXANDER J. ELLIS, B.A., F.R.S., F.S.A., 
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*,* The Plates in the Supplement contain figures of almost all the Foreign 
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JOUBERT. ELEMENTARY TREATISE ON ELECTRICITY 
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d" Electricity." By G. C. FOSTER, F.R.S., Quain Professor of Physics in 
University College, London; and E. ATKINSON, Ph.D., formerly Pro- 
fessor of Experimental Science in the Staff College. With 381 Illustrations. 
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KOLBE. A SHORT TEXT-BOOK OF INORGANIC CHE- 
MISTRY. By Dr. HERMANN KOLBE, late Professor of Chemistry 
in the University of Leipzig. Translated and Edited by T. S. HUM- 
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the University College of Wales, Aberystwyth. New Edition. Revised by 
H. Lloyd-Snape, Ph.D., D.Sc. (Lond.), Professor of Chemistry in the Uni- 
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ELEMENTS OF PHYSIOLOGICAL PSYCHOLOGY: A 
TREATISE OF THE ACTIVITIES AND NATURE OF 
THE MIND FROM THE PHYSICAL AND EXPERI- 
MENTAL POINT OF VIEW. With 1 13 Illustrations. 8vo, price 2ij, 

PSYCHOLOGY, DESCRIPTIVE AND EXPLANATORY: A 
Treatise of the Phenomena, Laws, and Development of Human Mental Life, 
8vo. 2\s. 

OUTLINES OF PHYSIOLOGICAL PSYCHOLOGY. With 

numerous Illustrations. 8vo. \2s. 

PHILOSOPHY OF MIND : an Essay on the Metaphysics of Psychology. 
8vo, i6j. 

LINDLEY AND MOORE. THE TREASURY OF BOTANY, 
OR POPULAR DICTIONARY OF THE VEGETABLE 
KINGDOM : with which is incorporated a Glossary of Botanical Terms. 
Edited by J. LINDLEY, M.D., F.R.S., and T. MOORE, F.L.S. Witt 
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MARTIN. NAVIGATION AND NAUTICAL ASTRONOMY. 
Compiled by Staff-Commander"' W. R. MARTIN, R.N., Instructor in 
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MENDELEEFF. THE PRINCIPLES OF CHEMISTRY. By 
D. MENDELfiEFF, Professor of Chemistry in the University of St. 
Petersburg. Translated by GEORGE KAMENSKY, A.R.S.M. of the 
Imperial Mint, St. Petersburg, and Edited by A. J. GREENAWAY, F.I.C., 
Sub-Editor of the Journal of the Chemical Society. With 97 Illustrations. 
2 Vols. 8vo, 36^. 

MEYER. OUTLINES OF THEORETICAL CHEMISTRY. 
By LOTHAR MEYER, Professor of Chemistry in the University of Tubin- 
gen. Translated by Professors P. PHILLIPS BEDSON, D.Sc, and W. 
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MITCHELL. MANUAL OF PRACTICAL ASSAYING. By 
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MOSSO. FEAR. By ANGELO MOSSO. Translated from the Fifth 
Edition of the Italian by E. LOUGH and F. KIESOW. With 8 Illustra- 
tions. Crown 8vo, ^s. hd. 

*^* This book deals with much more than is conveyed by the title. It is, 
in fact, a series of essays on the expression of the emotions, dealing more 
especially with the painful emotions. Although the subject is treated in a 
measure scientifically, i.e., physiologically, the book is not intended solely for 
the scientific public. 

MUIR. THE ALCHEMICAL ESSENCE AND THE CHEMICAL 
ELEMENT : an Episode in the Quest of the Unchanging. By M. M. PATTI- 
SON MUIR,,Fellow of Gonville and Caius College, Cambridge. 8vo. 4f. td. 



ODLING. A COURSE OF PRACTICAL CHEMISTRY, Arranged 
for the use of Medical Students, with express reference to the Three Months' 
Summer Practice. By WILLIAM ODLING, M.A., F.R.S. With 71 
Woodcuts. Crown 8vo, 6j. 



OSTWALD. SOLUTIONS. By W. OSTWALD, Professor of Chemistry 
in the University of Leipzig. Being the Fourth Book, with some additions, 
of the Second Edition of Ostwald's "Lehrbuch der AUgemeinen Chemie." 
Translated by M. M. PATTISON MUIR, Professor of Gonville and Caius 
College, Cambridge. 8vo, \os. 6d. 

PAYEN. INDUSTRIAL CHEMISTRY; A Manual for use in Tech- 
nical Colleges or Schools, also for Manufacturers and others, based on a 
Translation of Stohmann and Engler's German Edition of Paybn's Fr&is de 
Chimie Industrielle. Edited and supplemented with Chapters on the Chemistry 
of the Metals, &c., by B. H. PAUL, Ph.D. With 698 Woodcuts. 8vo, 42J. 



WORKS by RICHARD A. PROCTOR. 



PROCTOR 

OLD AND NEW ASTRO- 
NOMY. By Richard A. 
Proctor and A. Cowper 
Ranvard. With 31 Plates and 
472 Illustrations. Text. 4to, 2IJ. 

LIGHT SCIENCE FOR 
LEISURE HOURS; Familiar 
Essays on Scientific Subjects, 
Natural Phenomena, &c. 3 Vols, 
crown 8vo, $s. each. 

THE ORBS AROUND US ; a 
Series of Essays on the Moon and 
Planets, Meteors, and Comets. 
With Chart and Diagrams, crown 
8vo, 5J. Cheap Edition, crown 
8vo, y. 6d. 

OTHER WORLDS THAN 
OURS ; The Plurality of Worlds 
Studied under the Light of Recent 
Scientific Researches. With 14 
Illustrations, crown 8vo, S^. 
Cheap Edition, crown 8vo, 3^. 6d. 



THE MOON ; her Motions, As- 
pects, Scenery, and Physical 
Condition. With Plates, Charts, 
Woodcuts, and Lunar Photo- 
graphs, crown 8vo, 5^. 

UNIVERSE OF STARS ; Pre- 
senting Researches into and New 
Views respecting the Constitution 
of the Heavens. With 22 Charts 
and 22 Diagrams, 8vo. io.r. 6d. 

LARGER STAR ATLAS for 
the Library, in 12 Circular Maps, 
with Introduction and 2 Index 
Pages. Folio, 15^., or Maps 
only, I2s. 6d, 

NEW STAR ATLAS for the 
Libraiy, the School, and the Ob- 
servatory, in 12 Circular Maps 
(with 2 Index Plates). Crown 
8vo, 5^. 

r Continued. 
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THE STUDENT'S ATLAS. 
In 12 Circular Maps on a Uni- 
form Projection and i Scale, 
with 2 Index Maps. Intended as 
a vade-mecum for the Student 
of History, Travel, Geography, 
Geology, and Political Economy. 
With a letter-press Introduction 
illustrated by several cuts. $s. 

OTHER SUNS THAN OURS : 
a Series of Essays on Suns — Old, 
Young, and Dead. With other 
Science Gleanings, Two Essays 
on Whist, and Correspondence 
with Sir John Herschel. With 
9 Star-Maps and Diagrams. 
Crown 8vo, 6s. 

HALF-HOURS WITH THE 
TELESCOPE : a Popular Guide 
to the Use of the Telescope as a 
Means of Amusement and Instruc- 
tion. With 7 Plates. Fcap. 8vo, 
2s. td. 

THE SOUTHERN SKIES : 
a Plain and Easy Guide to the 
Constellations of the Southern 
Hemisphere. Showing in 12 
Maps the position of the principal 
Star-Groups night after night 
throughout the year. With an 
Introduction and a separate Ex- 
planation of each Map. True for 
every Year. 4to, $s. 

HALF-HOURS WITH THE 
STARS : a Plain and Easy Guide 
to the Knowledge of the Con- 
stellations. Showing in 12 Maps 
the position of the principal Star- 
Groups night after night through- 
out the Year. With Introduction 
and a separate Explanation of 
each Map. True for every Year. 
4to, 3j. 6a?. 

ELEMENTARY PHYSICAL 
GEOGRAPHY. With 33 Maps 
and Woodcuts. Fcp. 8vo, \s. dd. 

LESSONS IN ELEMENTARY 
ASTRONOMY; with Hints for 
Young Telescopists. W^ith 47 
Woodcuts. Fcp. 8vo, is. 6d. 



EASY LESSONS IN THE 
DIFFERENTIAL CALCU- 
LUS : indicating from the Outset 
the Utility of the Processes called 
Differentiation and Integration. 
Fcp. 8vo, 2s. dd. 

THE STARS IN THEIR SEA- 
SONS. An Easy Guide to a 
Knowledge of the Star Groups, in 
12 Large Maps. Imperial 8vo, ^s. 

STAR PRIMER. Showing the 
Starry Sky Week by Week, in 24 
Hourly Maps. Crown 4to, 2s. dd. 

ROUGH WAYS MADE 
SMOOTH. Familiar Essays 
on ScientiBc Subjects. Crown, 
%s. dd. 

HOW TO PLAY WHIST: 
WITH THE LAWS AND ETI- 
QUETTE OF WHIST. Crown 
8vo, 3J-. dd. 

HOME WHIST : an Easy Guide 
to Correct Play. i6mo, \s. 

OUR PLACE AMONG INFI- 
NITIES. A Series of Essays 
contrasting our Little Abode in 
Space and Time with the Infini- 
ties around us. Crown 8vo, 5^. 

STRENGTH AND HAPPI- 
NESS. Crown 8vo, 5^. 

STRENGTH : How to get Strong 
and keep Strong, with Chapters 
on Rowing and Swimming, Fat, 
Age, and the Waist. With 9 Il- 
lustrations. Crown 8vo, 2s. 

THE EXPANSE OF HEAVEN. 
Essays on the Wonders of the 
Firmament. Crown 8vo, ^s. 
Cheap Edition, crown 8vo, y. dd. 

THE GREAT PYRAMID, OB- 
SERVATORY, TOMB, AND 
TEMPLE. With Illustrations. 
Crown Svo, 5^. 

PLEASANT WAYS IN 

SCIENCE. Crown Svo, t,s. 

Cheap Edition, crovra Svo, y. dd. 

[Continued. 
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MYTHS AND MARVELS OF 
ASTRONOMY. Crown 8vo, Is. 
Cheap Edition, crown 8vo, 3^. ()d. 

CHANCE AND LUCK ; a Dis- 
cussion of the Laws of Luck, 
Coincidences, Wagers, Lotteries, 
and the Fallacies of Gambling, 
&c. Crown 8vo, 2s. boards, 
2,5. 6d. cloth. 



NATURE STUDIES. By 
Grant Allen, A. Wilson, 
T. Foster, E. Clodd, and 
R. A. Proctor. Crown 8vo, $s. 
Cheap Edition, crown 8vo, 3^. dd. 

LEISURE READINGS. ByE. 
Clodd, A. Wilson, T. Foster, 
A. C. RUNYARD, and R. A. 
Proctor. Crown 8vo, y. 6d. 



REYNOLDS. EXPERIMENTAL CHEMISTRY for Junior Students. 

By J. EMERSON REYNOLDS, M.D., F.R.S., Professor of Chemistry, Univ. 

of Dublin. Fcp. 8vo, with numerous Woodcuts. 
Part L — Introductory, is. 6d. Part III. — Metals and AllUd Bodies, 3s. 6d. 
Part II. — Non-Metals, 2s. 6d. Part IV. — Chemistry of Carbon Comfounds, 4r. 

SLINGO AND BROOKER. ELECTRICAL ENGINEERING 

FOR ELECTRIC-LIGHT ARTISANS AND STUDENTS. 
(Embracing those branches prescribed in the Syllabus issued by the City and 
Guilds Technical Institute.) By W. SLINGO and A. BROOKER. With 
346 Illustrations. Crown 8vo, lis. 



SMITH. GRAPHICS; OR, THE ART OF CALCULATION 
BY DRAWING LINES, applied to Mathematics, Theoretical Me- 
chanics and Engineering, including the Kinetics and Dynamics of Machinery, 
and the Statics of Machines, Bridges, Roofs, and other Engineering Structures. 
By ROBERT H. SMITH, Professor of Civil and Mechanical Engineering, 
Mason Science College, Birmingham. 

Part I. Text, with separate Atlas of Plates — Arithmetic, Algebra, 
Trigonometry, Vector, and Locor Addition, Machine Kinematics, and Statics 
of Flat and Solid Structures. 8vo, 15^. 



SORAUER. A POPULAR TREATISE ON THE PHYSIOLOGY 
OF PLANTS. For the Use of Gardeners, or for Students of Horticulture 
and of Agriculture. By Dr. PAUL SORAUER, Director of the Experimental 
Station at the Royal Pomological Institute in Proskau (Silesia). Translated 
by F. E. WEISS, B.Sc, F.L.S., Professor of Botany at the Owens College, 
Manchester. With 33 Illustrations. 8vo, ^s. net. 



THORPE. A DICTIONARY OF APPLIED CHEMISTRY. 
By T. E. THORPE, B.Sc. (Vict.), Ph.D., F.R.S., Treas. C.S., Professor of 
Chemistry in the Royal College of Science, London. Assisted by Eminent 
Contributors. To be published in 3 vols. 8vo. Vols. I. and II. £2 2s. each. 
Vol. III. £3 y. 

TUBEUF. DISEASES OF PLANTS DUE TO CRYPTO- 
GAMIC PARASITES. Translated from the German of Dr. CARL 
FREIHERR VON TUBEUF, of the University of Munich, by WILLIAM 
G. SMITH, B. Sc, Ph.D., Lecturer on Plant Physiology to the University of 
Edinburgh. With over 300 Illustrations. [/» preparation. 
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TiHQlKU-.— WORKS by JOHN TYNDALL, F.R.S., S^c. 
FRAGMENTS OF SCIENCE. 2 Vok. Crown 8vo, l6s. 
NEW FRAGMENTS. Crown 8vo, ICM. 6d. 
HEAT A MODE OF MOTION. Crown 8vo, 12s. 
SOUND. With 204 Woodcuts. Crown 8vo, lor. 6d. 
RESEARCHES ON DIAMAGNETISM AND MAGNE-CRYS- 

TALLIC ACTIONj including the question of Diamagnetic Polarity. 

Crown 8vo, 12s. 

ESSAYS ON THE FLOATING-MATTER OF THE AIR 
in relation to Putrefaction and Infection. With 24 Woodcuts. Crown 8vo, 
^s. bd. 

LECTURES ON LIGHT, delivered in America in 1872 and 1873. 
With 57 Diagrams. Crown 8vo, t,s. 

LESSONS IN ELECTRICITY AT THE ROYAL INSTITU- 
TION, 1875-76. With 58 Woodcuts. Crown 8vo, 2s. (,d. 

NOTES OF A COURSE OF SEVEN LECTURES ON 
ELECTRICAL PHENOMENA AND THEORIES, delivered at 
the Royal Institution. Crown 8vo, is. 6d. 

NOTES OF A COURSE OF NINE LECTURES ON LIGHT, 

delivered at the Royal Institution. Crown 8vo, is. 6d 
FARADAY AS A DISCOVERER. Crown 8vo, 3.. 6d. 

'^^f,^^^^^^\ °^ "^^ ALPS: being a Narrative of Excursions 
and Ascents. An Account of the Origin and Phenomena of Glaciers, and an 
Exposition of the Physical Principles to which they are related. With 
numerous lUustrationsi Crown 8vo, 6j. 6</. net. 



WATTS' DICTIONARY OF CHEMISTRY. Revised and entirely 
Re-written by H. FORSTER MORLEY, M.A., D.Sc, Fellow of and latelv 

pl^ltoTMUIR'^'T'l^p'"^ S^TfJ*^ CoUege.'LondTnfkn'S M.' m! 
PATTISON MUIR, M.A., F.R.S.E., Fellow, and Praelector in Chemistrv 

To rPub^he?-"' ^ vT' «C^-t'j??- Assisted by Eminent ConVribuoS 
Vol. IV. 63]. * °' °^- ^- "• '^'- ^'"'^- '^°1- "I- 5"^- 

WEBB. CELESTIAL OBJECTS FOR COMMON TELESCOPES 

s^f mk^Ed^on'^f^^' ^-A-'Z-^-A-S.. Vic3 H™k^S?rfford: 

"^n^ume^s^^u'strS.* Crt^ 8^?^™^ °^ '^^ ^"'^-' ^ ^''^'-' -<^ 
Vol. II. With Illustrations and Map of Star Spectra. Crown 8vo, 6s. 6d. 

WRIGHT. OPTICAL m^^^^^^^^^^ Treatise on the Use of the 
Lantern m Exhibition and Scientific DeraonstraHon. Bv LEWIS WR TP WT 
tio"nrCro;j"8tV6:.'°"^=^ °^ ^'^P^"-"^^ O.^^''^^^ Z^^. 

5000.4.56. BRADBVSV, AGNEW, & CO. LD., POINTERS, WHITEFRIARS. 



